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ADVERTISEMENT. 



JLhe indefatigable industry, the uncommon 
precision, and the great number of new and im- 
portant views with which the author of this 
little work has enriched Chemistry and the kin- 
dred Sciences, are sufficiently known, I presume, 
to all men of science in Great Britain, to induce 
them to receive every new proposal which comes 
from him with candour and attention. Professor 
Berzelius was obliging enough to send me a 
copy of the Original of this little Essay, imme- 
diately on its publication at Stockholm, about 
three months ago. On looking it over, it ap- 
peared to me highly deserving the attention of 
mineralogists, and likely, if properly followed 
up, to occasion a most important improvement 
in the method of analyzing minerals and in the 
scientific arrangement of them. I thoughts 

a2 



therefore, that it would be conferring a consi- 
derable favour on the cultivators of that popular 
science, if an English translation of Professor 
Berzelius's Essay were laid before the public. 
My friend Mr. Black kindly undertook the 
task, stipulating only that I should compare his 
manuscript with the original, and take care that 
it everywhere conveyed its sense. This task I 
performed with all the requisite attention ; and 

can, I think, answer with some confidence for 

■« 

the fidelity of the translation. The nature of 

the subject precluded all attempts at elegance of 

language; but I trust that the translation is 

^cry where perspicuous. 

THOMAS THOMSON. 

Stpt, 10, 1814. 



SYSTEM OF MINERALOGY 



SOUNDED OH nS 



ELECTRO-CHEMlCAL THEORY, &c. 



Xhe first system of mineralogy originated in 
the want felt by the collector of minerals of 
some kind of ^rangetnent in his collection. 
This was At a period l^hen the composition of 
few or tio minerals was known, and it was natu- 
ral therefore that the system should be altogether 
founded on arbitrary principles. In proportion as 
scientific information became more difiiised, en!^ 
deavours were made to advance mineralogy to ao 
equality with other branches of knowledge. 
Linnaeus endeavoured to arrange unorganized 
nature according to a classification analogous 
with that which he had so successfully applied 
to organized nature. Wallerius and Cronstedt 
began to perceive the influence whisb chemistry 
ought to have in every mineralogical arrange- 
ment ; and now, since the late astonishing pro* 



gress of chemistry has given it an additional 
claim to be considered as a science, its influence 
is so universally acknowledged that the two pre- 
vailing mineralogical schools of the present day^ 
(Werner's and Haiiy's,) both agree in the admis- 
sion of chemistry to a participation in the found- 
ation of a system of mineralogy, however much 
they may differ respecting the extent of that 
participation. 
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> . Mineralogy, in the usual acceptation of the 
.word, is the science which treats of the combi- 
^Qatiou between, the unorganic elements wl^ich 
. ar^ found i^on or beneath thj? , surface oC the 

earthy together with the yarioufi forms, and the 
; diffisrent foreign admixturpsy under which these 

bodies make their appearance* 

.".■.. • •. 

. , The; knowledge of the combinations them- 

' . ..selves, their composition and chemioal properties, 

, belongs to chemistry; so that mineralogy, in a 

..^enti^c point of view, may be considered as a 

part or appendage of chemistry. 

. . Chemistry, considered as aii entire and perfect 

^^ffiiespcej makes us acquainted with the elements, 

with all the combinations of which they are sus- 



ceptibie, together with all the forms under whiph 
these combinations may make their appearance. 

If we represent to ourselves chemistry in a 
state of perfection, subjected to a systematic ar- 
rangement, it must give us a .description not 
only of the combinations which our investiga- 
tions have discovered to be produced by nature^ 
but it must also teach us all those which may 
hereafter be discovered as such, together with 
all those which are possible, though they never' 
can make their appearance as fossils. This 
complete and perfect chemistry should, in the 
case of every combination, notice whether it ap 
pears as a mineral, and, if so, the different forms 
and shapes under which it is produced, the fo- 
reign ingredients by which it is usually rendered 
impure, or which may be mechanically blended 
with it; so that the province of chemistry ex- 
tends beyond our laboratories to the great and 
astonishing workshop of nature* 

Let us represent to ourselves a branch of this 
perfect chemistry containing all that relates to 
the combinations which appear as minerals. 
This branch is- Tnineralogy in its perfect state. 

It is beyond the limits of our feeble powers to 
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bring any science to a state of perfection; for in 
that case all the sciences would be blended toge- 
ther into one. The quantity of knowledge how- 
ever of which one man can make himself mas- 
ter is so circumscribed, that both from a regard 
to the imperfect state of the sciences, and the ne- 
cessity of distributing them in such' a manner 
that our whole species, taken together and CQiir 
sidered as one individual, may possess all the ac- 
quisitions in every branch of science which one 
man can never do, we are reduced to the neces- 
sity of treatiqg sulgects belonging to the same 
department of knowledge under the form of se* 
parate sciences. This is no doubt the reason 
why mineralogy has always been considered as a 
sepiarate science; but it is evident that it must go 
step for step with chemistry, and that every re- 
volution in chemical doctrines must overturn 
those of mineralogy, in the same manner as the 
discoveries in the peculiar province of the latter 
must extend the boundaries of both. 

AgBOXiy if mineralogy in itself is merely a 
branch of chemistry, it is clear that it can have 
no other scientific foundation for its arrange- 
ment than a chemical one, and that every other 
is altogether foreign to mineralogy as a science. 
The prevailing theory and arrangement there* 



fcre of chemistry for the time must be also that 
of mineralogy. If this has not always hitherto 
been the case, it must be attributed on the one 
hand to the recentness of the period during 
which chemistry has received its great improve- 
mentS) and on the other to the circumstance 
that the framers of systems of mineralogy have 
not previously applied themselves with equal 
zeal and success to chemistry, and consequently 
have not been enabled to perceive the necessary 
connexion between them. 

In the verbal disputations between the parti- 
sans of Werner and Haiiy on the subject of the 
merits of their respective schools, the latter have 
often been asked if the mineralogist must always 
require the analysis of the chemist to enable him 
to examine a mineral ? This question always dis* 
tinguishes the collector of stones from the mine- 
ralogist. The former merely seeks a name for 
his minerals, while the latter endeavours to be- 
come acquainted with their nature* 

The arrangement of minerals according to their 
external characters lias not been so successful 
in facilitating our knowledge of them, as a simi- 
lar arrangement has been in organised nature* 
In the latter we everywhere observe the greatest 
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' dmtlwity of combination With the gr6atiBst di- 
versity of form, and the character of the living 
body is derived from the form. But in inani- 
mate nature we everywhere perceive the greatest 
similarity of external form Under the greatest 
diversity of combination. The character of 
these bodies therefore altogether depends on the 
quality and quantity of the internal fimdamental 
mixture, so that a diversity in the latter is always 
accompanied by a diversity in the former; 
but chemistry is not yet on a fo6ting to enable 
us from the one to draw any conclusion respect- 
ing the other. A mineralogical arrangement 
founded on the external and easily perceived 
characters of fossils is extremely convenient for 
those who study mineralogy without the assist- 
ance of an experienced master and an ample 
collection, and who are often obliged to inquire 
the names of minerals with which they are un- 
acquainted. But this arrangement is not a 
scientific system, in which conveniency never 
enters as a principle, and which requires the 
utmost strictness of which science will admit' 
When accuracy and facility can be associated 
together, the advantage is no doubt great ; but 
if this cannot be effected, the former must not 
be sacrificed for the sake of the latter. If there- 
fore the scientific arrangement of mineralogy 
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does not afford the highest degree of facility In 
the external examination of minerals, no systein 
merely founded on this advantage can have fts 
claim allowed for more than to rank after the 
proper system, as an index ranks after a book. 

Through the influence of electricity on the 
theory of chemistry, this last science has expie- 
rienced a revolution, and received a greater and 
more important accession of influence, than it 
did through the doctrines of either Stahl or 
Lavoisier. The influence of the electro-chemi- 
cal theory extends even to mineralogy, whose 
doctrines must receive an equal extension with 
those of the parent science, although no atten^t 
has yet been made to apply this theory to mihe- 
jralogy. 

From the electro-chemical theory we have 
been taught to seek in every compound body 
for the ingredients of opposite electro-chemical 
properties, and we have learned from it that the 
combinations cohere with a jforce which is pro- 
portionate to the degree of opposition in flie 
electro-chemical nature of, the ingredients. 
Hence it follows that in every compound body 
there are one or more electro-positive with me 

4 
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or more electro-negative ingredients, * which, as 
the combinations consist of oxides, means the 
•ame as that every body in the combination, 
called by us a basis^ must be answered by 
another which acts the part of an acid, even 
supposing that in its isolated situation it does 
not possess the general characters for which 
acids are distinguished, namely, a sour taste, 
ipid the property of changing vegetable blues to 
red. The body, which is in one case electro- 
vB^ative when combined with a stronger electro- 
positive, that is, which is acid when combined 
with a stronger basis, may in another case be 
dectro-positive, and be united to a stronger 
electro-negative body, or, which is the same 
thing, may be the basis to a stronger acid. Thus 
in the union of two acids the weaker acid serves 
as the basis to the stronger. 



* I must once for all inform thereadcfr that, from the consi- 
deration I have recently bestowed on this subjecty I have 
^en. led to introduce this alteration into the nomencla- 
ture of which I have already given some account, in my Essay 
on Nomenclature and the Electro-Chemical System. (K. Vat. 
Ac. Handl. 1812, I H.) By electro-positives is to be under- 
ttood such as have inflammable bodies or salts for bases ; and 
by electro-negatives, the oxygen and oxides which go to the 
positive pole of the galvanic battery. 
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Thus eyery combination of two or more oxides 
possesses the nature of a salt, i. e. has its acid. 
And, if we suppose this combination decom- 
posed by the galvanic battery, the first will be 
collecjted round the positive pole, and the second 
round the negative. Hence in every mineral 
composed of oxidised bodies, whether of an 
earthy or saline nature, we must seek for the 
electro-negative and electro-positive ingredients; 
and after the nature and qualities of these are 
found, a critical application of the chemical 
theory will tell us what the fossil in question is. 

The most usual mineral combinations between 
oxides generally contain three oxides^ of which 
two are bases and one acid, and less frequently 
two acids and one basis, resembling the two 
classes of double salts in chemistry. It not un- 
frequently happens that there are even three or 
four bases for one acid; but we very seldom 
indeed find a chemical combination of two bases, 
each united with its different acid. If fi-om 
these combinations we suppose a subtraction of 
the oxygen which they contain, then analogous 
combinations would take place between the in- 
flammable radicals ; and as none of them pos- 
sesses a very strong affinity for oxygen, (as is the 
case with iron, lead, silver, antimony, arsenic, 
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sulphur,) it happens pretty often that nature 
produces such combinations either of inflam- 
xnable or of oxidated bases. 

If with these theoretical ideas we review the 
productions of the mineral kingdom, what a 
light do they at once throw on the compounds 
consisting of various metals united with sulphur, 
or of various earths and metallic oxides : order 
becomes at once visible in this apparent chaos, 
and mineralogy assumes the character of a 
science. We immediately discover a numerous 
class of minerals, the similarity of which to salts 
has been already pointed out by chemists, 
though they were unable to make a more exten- 
isive application of these resemblances. This 
class consists of minerals, in which silica occu- 
pies the place of an acid, and it contams an end- 
less variety of single, double, triple, and quad- 
ruple salts, of different degrees of neutrality, or 
with excess of acid or base. In the same man- 
Iier we discover less general classes ; thus oxide 
of titanium, oxide of tantalum, and several me- 
tallic oxides not hitherto considered as acids, 
occasionally act the part of acids ; so that the 
whole of the extensive range of earthy minerals , 
may be 'classified on the same principles as 
8a}ts. 
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The first of these reflections, in themselvei 
altogether natural and simple, appears to me to 
be the most important step which mineralogy 
has ever made towards its perfection as a 
science. 

During the last five years chemistry has firom 
another: quarter received a still higher improve- 
ment, through the doctrine of chemical propor- 
tions, which in the arrangement of a mineralogi- 
cal system, must, if I may be allowed so to speak, 
give the same mathematical certainty which it 
has promised to give, and has in fact already 
given, to chemistry. No correct thinker can 
hesitate to believe, that the chemical laws, which 
have been confirmed in our laboratories by the 
mp^t numerous and varied experiments, are in 
like manner applicable to the great whole. It 
is the same nature which every where operates, 
and the operations are governed by the same 
laws, whether they are directed to a certain 
object by human endeavours, or, in the mass of 
the earth, are governed by the free course of 
infinitely-varied circumstances. If therefore the 
chemical analysis of many minerals has not 
hitherto justified the application of chemical 
proportion to mineralogy, the cause of this 
must not be sought for in the imperfect applica* 
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tion of the laws, but in the imperfbction of our 
fiiculties, which are frequently, notwithstanding 
the utmost care we can bestow, overcome by 
difSculties which we occasionally perceive, but 
which also often elude our utmost attention. 
In the mean time a very considerable number of 
analyses already exist, the results of which, in fact, 
coincide with the doctrine of chemical propor- 
tions, and in other respects 'approach so near to 
it that the deviations may justly be considered 
as owing merely to the difficulty and unavoid- 
able errors of experiment. 

I shall here endeavour in a particular manner 
to direct the reader's attention to the circum- 
stances which contribute to conceal the ex- 
istence of chemical proportions in mineralogy; 
because I consider it not impossible that, by a 
due observance of all these, we may, at last, be 
able to render every analysis, conducted with 
due circumspection, coincident with the chemi- 
cal proportions. 



tK 



1. The first of these circumstances is the 
want of care and attention in analysis, even 
occasionally perceivable in the works of our 
greatest masters. He who bestows a glance on 
the much less difficult analysis of single salts, and 
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the difference of the results before the doctrine 
of chemical proportions was established, and 
who has seen the necessity of adopting ex"- 
pedients, never before thought of, for the at- 
tainment of the utmost degree of accuracy, will 
surely not think it at all wonderful that the 
analysis of the now variously combined mineral 
productions should not be brought to a greater 
certainty of restdt then these were. If we com- 
pare, for example, the analyses of sulphate of 
barytes by the most expert chemists, or of 
'muriate of silver, phosphate of lead, &c. we 
shall find that the results of these analyses differ 
very considerably, not only from one another but 
from the just proportion. The same thing 
must also have happened in the analyses of 
many minerals ; and these analyses are attended 
with another disadvantage : we cannot be cer- 
tain that they were made on minerals of the 
same chemical identity; hence they can never 
prove any thing against the propriety of the 
application of chemical proportions to minera* 
logy. The first impediment therefore consists 
in the difficulty of conducting a mineralogical 
analysis in such a manner that the result shall 
give the correct proportions. This defect may , 
be the most^ easily of all removed. 

B 
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It, Another more in^rtant impediment is 
the difficulty, not to say impossibility, of ever 
obtaining, in the productions of the mineral 
Jongdom, any combinatioQ sure and free from 
fereign and accidental ingredients in its mass, 
e«:)cept in subjects divided into fractionable parts 
of an imperceptible . and inseparable nature. 
A glance into the formation of minerals wiU 
serve to clear up this better. We find them 
blither crystsillized, and in that case they have 
{passed slowly and regularly from a liquid to a 
solid form ; or they have separajted rapidly, and 
formed only ciystalUne grains, as is the case with 
Carara marble and the lepidolite of Utoe; or they 
have fallen down without assuming a crystalline 
shape like precipitates from fluids. These pre- 
cipitates afterwards harden and form shapless 
masses, frequently containing heterogeneoutf 
lx)dles between ihfxt plaites, and often mixed with 
crystals, whidi have heen atber rolledby a liquid 
from another place, or have been formed during 
the precipitation itself in the liquid, and have 
shot in the precipitated soft mass. It is clear 
that in so &r as respects these masses of rock 
formed of hardened precipitates, no analysis can 
give a result which coincides with the chemical 
proportions; except it should happen that such a 
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precipitate should accidentally congist of only 
one substance, of which examples are not 
wanting ; but when the doctrine of chemical 
proportions is applied to the analysis of these 
minerals, it will inform us of what different mix- 
ture of combinations the shapeless mass consists. 

On the other hand, we are well warranted in 
expecting a more satisfactory result from the 
fmalyses of distinctly formed minerals, although 
even the most regular and clear crystal is seldom 
free from foreign ingredients. Let us apply 
the experiments in our laboratories respecting 
the crjratallization of solutions of salts to that 
which, under analogous circumstances, must 
take place under the surface of the earth.* 

* This example is principally founded on solatioas ia 
water, altbough it is equaUy applicable to other crystailixinf 
mixed liquids. The opinion, that minerals ba^c been pro- 
duced by the fusing agency of a hjgh temperature and a con- 
sequent cooling, has not yet iQst all its advocates, although 
a single decrepitating crystal, a single petrifaction, i8.an in- 
contestable proof for all .who can perceive wliat is proved by 
the existence of these. It is clear, on tlie other hand, that 
we often see formed crystals which, according to what we 
have hitherto been taught by theory, never can, as such, have 
been dissolved in water; for example, sulphurets and arse- 
iiiurets of metals. But here we must recollect, that in the solu- 
tions, which are carried on beneath the surface of the earth, a 

B 9s 
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We see, for example, that tirhen saltpetre 
shoots out of the mixed ley which is obtained 
by lixiviating saltpetre-earth, the crystals are 
regular, but of a brown colour, and contain 
common salt. No chemist has ever supposed that 
citherthesubstance occasioning the brown colour, 
or the common salt which is contained in these 
crystals, belongs in any measure to their che- 
mical composition; but we always consider 
them as ingredients foreign to the solution 
from which the saltpetre has shot up. It is 
also a known circumstance that the more 
slowly a solution shoots, and the larger the crystals 
which it forms, the liquid expelled is the more 

power operatei which we never can dispose of in exactly the 
same manner in our experiments, namely electricity, and that 
which in our experiments is produced in the course of a day 
or two at most, may In the bowels of the earth require cen- 
turies for its developement. The blended masses of the 
globe, burst through and penetrated on all sides by intruding 
"Water, produce innumerable multitudes of electrical circuits, 
which cross one another in all possible directions without 
impeding their separate operations, like the rays of the sun 
on the surface of the earth, and determine the eternal 
activity by which the masses of the interior of the earth 
slowly experience incessant changes, destruction, and ne%r 
forms. Crystallizations, solutions, reductions, oxidations, 
take place here incessantly under forms and proportions 
which art, unable to dispose of its efficient powers in the 
same manner^ will neTer perhaps be capable of imitating. 
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impure. All this must happen in the same man- 
ner in the interior of the earth, when the minerals 
partly shoot out of mixed solutions, and partly 
in consequence of the mutual action of solutions 
on each other. The substance of which the 
solution contains the most, and with which it is 
saturated, forms the crystal ; but this crystal in- 
cludes parts of the solution between its plates, 
is rendered impure by them, and not unfre- 
quently thereby receives a colour which by no 
means properly belongs to it. This is the 
cause why so many minerals, which, were we to 
judge from their peculiar ingredients, ought to 
be colourless, are notwithstanding red, yellow, 
blue, and green, &c. which colours are derived 
from a slight mechanical infusion of other 
coloured minerals, which are occasionally so 
very finely divided, that tfiey do not perceptibly 
diminish the transparency of the crystal. Hence 
also we find, in the analysis of most crystal- 
lized minerals, two, three, or more ingredients, 
which only amotmt to one per cent, and some- 
times even to a fraction of one per cent., and 
which wehave nomorereason to suppose to belong 
to the composition of the crystallized mineral 
than diat the common salt and the coloured 
substance belong to the saltpetre. It is clear 
that, as the result of the analysis must be judged 
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of according to the doctrine of cheihiical propor- 
tions, these foreign substances must be sub^ 
tracted from it; but here again we are met 
by another difficulty: we cannot determine 
whether some of the substances considered as 
principal ingredients, or at least a part of them, 
do not belong to the foreign bodies which must 
be withdrawn. Something like a complete 
knowledge of the minerals along with which 
the substance inyestigated occurs, may also be of 
some assistance in enabling us to determine the 
proper analytical result. 

3. Another circiunstance which has hitherto 
been less observed is, that when a solution con* 
taining two or more combinations is saturated 
with several of tliCTi, aad b^ins to depose crystals, 
it happens sometimes that a particle of one 
compoimd is deposited near to, or along with, 
several particles of another Compound; so 
that united they form a crystalline figure, 
which in colour, shi^, traasparency, speci- 
fic gravity, altogether deviates both from 
the substance which c<mstitutes its principal 
mass, and firom that which is mixed with the 
former. The smaller ingredient often does not 
amount to one per cent, of the whole weight, 
1hou|;h sometimies it amouXits to more. The 
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relative quantity of the substances associated 
together in the construction of such a crystal 
appearsy so far as our experience reaches, to 
dq>end altogether on the quantities of eachf . 
wliich the liquid at the moment of crystalliza^ 
tion has to depose. Chemistry affords many 
such examples ^ as the crystallization of com- 
mon salt in octohedrons and of sal ammoniac in 
cubes in urine, the simultaneous crystalliiaticm 
of nitrate of lead and arseniate of lead, when 
a solution of the latter salt in nitric acid is 
evaporated. We have another strikitig and 
beauti&l example in sal ammoniac crystallized ill 
a saturated solution of muriate of iron. The 
salt crystallizes in transparent, regular, hollow; 
ruby-red cubes, in which the proportion of osdde 
of iron often does not amounMo one per cent. 
These crystak give nearly a colourless solution 
in water, from which the sal ammoniac is ez> 
pelled in the usual manner by evaporation^ 
leaving a trace of muriate of iron in the mother 
iey. We have another appropriate example of 
salts of a similar nature crystallizing together 
in the residual liquid which remains after tba 
Irish process for making oxymtiriate of Hmei 
(Wilson^ Annals of Philosophy, i. %&5.) Here 
the crystal is composed of sulphate of sod% 
muriate of manganese^ and about one haH pef 
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cent of muriate of lead; salts which cannot 
exist together but in such an acid solution as 
that from which they were expelled, and which 
lieparate whenever they are dissolved in pure 
water. 

' I am persuaded that such is the case with 
many crystallized minerals, although we have 
not hitherto had leisure to carry through the 
investigation. Thus, for example, it appears to 
be pretty certain from the analysis of Stromeyer, 
that the crystalline form of arragonite, so much 
the subject of dispute^ and which deviates in so 
remarkable a manner from the carbonate of 
lime, is owing to such a formation. Particles 
of carbona-te of strontian, with their water of 
crystallization, having imited in a certain order 
with the particles of carbonate of lime, give 
birth to a 'secondary form which cannot be 
derived from the primitive form of pure carbo- 
nate of lime. Hence we may conceive why 
arragonite contains such small portions of water 
chemically combined, from one half to three 
fourths a^d one per cent, on the dissipation of 
which its transparency is destroyed ; for this 
quantity of water depends on the quantity of 
carbonate of strontian, of which it constitutes 
the water oC crystaUizatioOt .. 
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But still it is not to be dissembled that thefO 
are many difficulties in the way of every attempt 
to bring the analysis of minerals, and the con-^ 
elusions deduced from it, to the highest possible 
perfection. I am emboldened, however, to 
hope that these difficulties will not be insur- 
mountable. 

It remains for me now to say a few words i^ 
specting the determination of the quantitative 
result of such analyses, and the correct distribu- 
tion of the ingredients of the minerals. It is 
clear that if, in stating the composition of salt 
of alum, for example^ we were not to go &Tther 
than to consider it as consisting of potassium^ 
aluminum, sulphur, hydrogen, and oxygen, in a 
scientific point of view we should derive but little 
advantage firom such a statement. We come ft 
step nearer to the nature of the compound^ 
when we consider it as composed of sulphuric 
acid, alumina, potash, and water. ITie com- 
position of this salt was long supposed to be this 
by chemists; and from that circumstance it re^ 
ceived the name of triple salt, or a salt whidi 
consisted of three principal ingredients. Tld 
next step to a more perfect knowledge of the 
nature of alum was the considering it ai 



26 



odofiisting: of sulphate of potash and sulphate of 
alumina with water of crystaUization, whence 
it received the appellation of double salt--^ 
Lastly, the doctrine of the chemical propor- 
tions completed, if I may so speak, our know- 
ledge of the eompodtion of this salt, by show- 
ing that it consists of one particle of sulphate 
of potash, three particles of sulphate of alu- 
laina, and twenty-four particles of water of crys- 
tallizatioii. 

. The chemists have long considered minerals 
aa composed of peculiar earths, without point- 
ing out the exact combinations of these, and 
without determining the definite proportions in 
the combinations, precisely as they did with 
the ingredients of alum at no very remote 
period. From the developement of the electro- 
chemical theory, and the discovery of the laws 
of the chemical proportions, it has become 
necessary to adopt a similar sciehtilSc exposition 
of the nature of minerals. Our predecessors, 
and among them the admirable Klaproth more 
especially, by their various analyses, afford us 
many materia^ for this attempt, although its 
full accomplishment can only, without doubt, 
be the result of future labours . carried on with 
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a due regard to the substances, and with all poik 
fiible attrition to obtain the utmost accuracy, 
without which the object neyer can be attained. 

It is the illustration of that class among mi-» 
nerals in which silica is the electro-n^^ative 
ingredient, and supplies the place of an acid, 
which throws the greatest light over the rest 
of mineralc^, because this class is the most 
Numerous, and because what applies to it ap^ 
plies in like manner of itself, naturally and 
without violence, to the other classes which are 
not so well known. I shall give to this class the 
general name of Siliciates. 

In my attempt to establish the first fbundai 
tioiis of an electro-chemical system, with an ap- 
propriate nomenclature^ (Kongl. Vet. Ac. H. 
i. Hi 1812,)* I mentioned the combinations of 
silica with other oxides as salts, which I called 
sUiciates. — It would certainly have been pre* 
]iiatiM*e to have then endeavoured to turn more 
of the reader's attention to mineralogical si- 
liciaies, because the confused chaos which was 
qpread over them might perhaps have had a 
tendency to prejudice the reader against these 

• Also In Do la Metherie*i Jownaid* Phytifmi Oct. ISll. 
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ideas, especially as the nature of the treatise 
would not admit of a farther exposition of 
the subject. I have since that period, with a 
truly sincere pleasure, learned that Mr. Smithson, 
one of the most experienced mineralogists of 
Europe, without any knowledge of my essay, 
has published a similar idea in a memoir on the 
nature of stilbite and mesotype. It cannot be 
denied that this coincidence of result, derived 
on the one han^ from pure chemistry, and on 
the other from an analytical mineralogical point 
of view, affords a strong proof t)f the accuracy 
of the result, which induces me to hope that no 
mineralogist fully acquainted with the present 
state of chemistry will any longer entertain any 
doubt respecting iU 

Silica considered as an acid possesses the pro^ 
perty of giving siliciates of many diiBPerent de- 
grees of saturation. The most general are those 
in which the silica contains the same quantity 
of oxygen with the base. These we shall here- 
after call siliciates. The next most general are 
those in whicli the silica contains three times the 
oxygen of the base. To these we shall give 
the name of trisiliciates. It not unfirequently 
contains twice the oxygen of the base, and these 
combinations we call bisiliciates. Silica pro- 



duces also a great number of combinations with 
excess of base of different degrees, subsilkiatesy 
which as something may be gained through a 
distinction of terms, we may denote by the ap- 
pellation of li^ trij &c. for example, bialuminous 
subsiliaiate, trialurmnous, &c. all annomicing 
that the base (in the case of silica) contains twice 
or three times the oxygen of the silica. 

Silica, like other acids, gives also double sUp- 
ciateSj partly with and partly without water of 
crystallization. We most frequently find that 
the bases, which have a tendency to produce 
double salts with ether acids, do the same thing 
here, in the same manner as in the double sili<« 
ciates we again find, although with many ex- 
ception's, the same proportions between the 
bases, as in the other previously known double 
salts of the same bases. Hence, for example^ if in 
the common felspar we could exchange silica for 
sulphur, the comjpination would be alum without 
water. 

But nature, in her rich stores, where we find 
a great number of siliciates which obey without 
the smallest resistance the most feeble degree of 
affinity, exhibits also a number of combinations 
itill more various, for which, from the experi- 
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fsice of our laboratories we have few or no 
walogous combinations to produce. Thus, for 
example, we find siliciates with from three to 
fixif, and perhaps (on a more extensive experi- 
ence) with even more bases, which all form one 
common combination, and«whose pure crystal- 
line textfire seems to render it evident that it 
must be considered as one chemical whole, un- 
lessit should be hereafter proved by circumstances 
that such bodies belong to the class of crystals 
which are formed of many different substances 
lying in juxta position, but not chemically com- 
bined. It often happens also in this case that 
these numerous siliciates are not of the same de- 
gree of saturation, but that one or more of the 
weaker bases are subsiliciates or siliciates, while 
one or more of the stronger are bi- or tri-sili- 
ciates ; (such is, at least, what analyses at present 
afford us). That similar combinations are not 
pixxiuced in our laboratories arises evidently 
from this, that we usually obtain our result 
through the application of circumstances, the 
operation of which is much too rapid and 
violent to admit the influence of the weaker af- 
finities. 

I have also had occasion to ask myself the 
question, if it were credible that in such a slow 
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concrete combination, siliciates of the same basis, 
but in a difierent state of saturation, could be 
united with siliciates of another basis in one 
dhemioal whole; for example, if a particle of si- 
liciate of potash could be united with two par- 
ticles of siliciate of alumina, and two particles of 
subsiliciate of alumina. Theoretical causes in- 
duce me to consider this as less probable. It is 
therefore more likely, when such a case hap- 
pens, that the mineral is to be considered as a 
hardened mixture of two siliciates in a different 
state of saturation, like a mixed solution r^ a 
neutral and subsalt of the same base. Such, for 
example, is the composition of agalmathoUte, 
according to the analysis of John. However 
the solution of this must be left to experience. 
That two unequally saturated siliciates cannot 
be combined without the intervention of a sili- 
ciate of another basis, which constitutes the fun- 
damental particle or unity of the combination, 
follows from the doctrine of chemical propor- 
tions. 

To enable the reader to determine how far 
these theoretical problems are just or not, we 
shall add some examples of not only simple but 
double and higher siliciates. 
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A. EXAMPLE OF SINGLE SILICIATEfil. 

1. Calcareous TrisUiciate. — A stone from 
Adelfors, analysed and described by Hisinger in 
the Physical, Chemical, and Mineralogical 
Transactions, Part I. p. 188. It consists of 

Remit Calculatca 

obtained. Result. 

SUica 57-771 holding <S8*7& 3 58*09 

Lime S5-5oj oxygen \ 9*80 i 34*58 

Alamina rss 

Oxide of Iron foo 

LoSi 9'8» 

The small figures to the right denote unity 
and the multiples of unity. The last numbers 
show the computed result from analysis.* Now 

« It is of the utmost importance for these calcalations to 
Icnow the quantity of oxygen which the silica contains. By 
a direct experiment on a combination of silica and iron melted 
together, I found that the silica contains nearly 48 per cent, 
oxygen. Stromeyer has stated the proportion of oxygen at 
55 per cent. The true proportion must lie between these, which 
I have calculated from John Davy's experiments with silicated 
fluoric acid. He found that 100 parts of fluoric acid could be 
combined with 159 parts silica, and that these 259 parts could 
farther receive 84*33 parts ammonia. From the quantity of 
oxygen in the ammonia, the oxygen of the silica may be cal- 
culated, because the former moit be a multiple of the latter. 



S3 

if we calculate the analysis of this mineral, we find 
that the contents of the oxygen of the lime 
are 9*8 which x 3 = 29*4, which differs little 
from 28*75, which is the computed oxygen 
of the silica obtained* The other ingredients 
of the mineral are obviously altogether foreign 
to its chemical constitution. 



The ammonia contains 46*88 per cent oxygen, consequently 

the 84*33 parts contain 39*466 oxygen. From my synthetical 

experiments on the composition of silica, we find that 15d 

parts silica must contain 76*32 oxygen, but 39.466 X 8 zr 

78,932, which does not materially differ ; if then 159 parts 

silica contain 78*932 parts oxygen, that earth must contain 

49-64 per cent, of oxygen, at which I have in the subsequent 

part of this Treatise everywhere computed it. For further 

particulars I refer to my Treatise on Chemical Volumes, (art. 

Silicium.) See Jnnals ofPhilosophy^ ii. 443, and iii. 51, 93, 

244, 353, The contents of alumina are calculated agreeably to 

an Essay of mine published long ago, at 46*7 per cent, of oxy* 

gen, magnesia at 38, lime at 28, barytes at 10*5, soda at 25*66^ 

potash at 17 per cent, oxygen, &c. I must also caution the 

reader, especially in more compound minerals, not to expect 

the analysis to coincide exactly with the calculation ; this 

' would at present be too severe a demand, and I have thought 

it proper to content myself with such results where the differ* 

ence from the calculation does not exceed the bounds of usual 

errors of observation in any other analysis. To facilitate the 

labour of the reader I have uniformly placed to the right 

what the results according to theory or more correct formula 

ought to be. 

c 
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2. Calcareous J3iii£cialtf-^ Werner's Sobaal* 
stein, H^y's Spath en Tables, Table-sper. 
Analysed by Klapvoth, Baytrage, Ui» 291. 

Silica 50^ . f= 24-82 sorS 59-00 

Water ,.,.. ^ '''^^° ( 4h J i 4^o 

The silica is here combined with I4- as much 
lime as in the foregoing mineral, and contains 
therefore twice the oxygen of the base, while the 
Tfrater of crystallization contains i of the oxygen 
of the base. 



3. Aluminous jSiZfoo/^— Nepbeliay SiMnmite of 
Karsten. Analysed by Vauquelin, Bullet, de la 
Soc. Phil. An. V. p. If. 

Silica .46) contain J = 22*89 i 48'05 

Alamioa .49$ oxygen I gS^wi i 48'W 

Lime s 

Oxide of Iron 1 
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4. Zinc Siliciate — Calamine. Analysed by 
Smithson, Philosoph. Transact 1803. C!on* 

sists of 

Silica .25*0 > contain C:^ 12.4t 1 S6.70 

Oxide of Zinc 68*3 $ oxygen \ iS'tf 1 ^u 

Water^ Loss. 67 
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5. Copper Siliciate — Dipptase. There is no 
sax^y^k of Uiis mineral that can be depended 
on. It is the only siliciate of copper with which 
we are acquainted. 



6. Manganese Bisilidate — Red Manganese- 
flint. See my analysis of it in Afh. i Fys. Kern, 
och Mineral, i. 110. It contains 

Silica 40*0 > contain <= 19*M s 4S*fi6 

Protoxide of Manganese. .47*7 jj oxygen J 10*fo i 45*44^ 

Oxide of Iron 4*6 

JLime i'& 

In this analysis I obtained an augmentation of 
weight instead of a loss, because the quantity of 
Qianganese was determmed by weighing t^ per- 
oxide extracted by th,e analysis, while the mi- 
neral contained it in the state of a prqtoxide. 
In the original paper therefore there is 53 per 
cent, peroxide, which answers to 47*7 per cent, 
protoxide. 

In this description of the analysis of tliis mi- 
neral I have made mention of a crystallized 
combiination of oxide of manganese with silica, 
persiliciate of manganese, which I accidentally 
obtained with it. Hence it is probable that such 
a mineral may hereafter be discovered^ 

c2 
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'7. Manganese Siliciate — Manganese flint from 
Klapperud. Analysed by Klaproth, Beytr.iv. 
188. 

r reduced to the cor-^ 

Peroxide of Mauganese 60 ^^ S-ldeTcon'^ = *«•» ' 

(tains of oxygen ) 

mteV;:::::::::::::::l3i --•"• -^n f 1|:: ; 

As Klaproth found that this mineral, not- 
withstanding its dark colour, dissolved easily in 
nitric acid, it is clear that it contained protoxide, 
and that all its ingredients contained the same 
quantity of oxygen. 

8.^ Trisiliciate of Iron — Mineral from Tuna- 
berg. Analysed and described by L. Hedenberg, 
Afh. i Fys. Kem. och Mineral, ii. 169. It con- 
tiains 
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Silica 40'69) . r=r20*i5 s 42*64 

ProtoxideofIron*S2-5$V *^®"^'° J 711 1 sO'b^ 
Water I6.06) ***ysen ^ j^.j^ ^ jg.^^ 

Carbonate of Lime. .4*93 
,Oxide of Manganese 0*75 
Alumina O.37 



* The original has 35*25 per cent, determined from the 
oxide heated with oil, which corresponds to 32*53 per cent* 
protoxide. 
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9. Siliciaie of Cerium — Cerite. From a mean 
of the analysis of Hisinger, Afh. i Fys. Kem. 
och Mineral, iii. It contains 

Silica 18 contains oxygen = 8'go i 18*0 

r reduced to pro-) 
Oxideof Cerium 68 ^toxide,contains> = 9*2 i 68*0 

(of oxygen } 

As the mineral is dissolved in muriatic acid 
without the evolution of oxymuriatic acid, and 
the oxide in the state in which it i&^obtained by 
the analysis gives out oxjnnuriatic acid when 
treated with muriatic acid, it is clear that the 
mineral must contain protoxide. It derives its 
colour chiefly from the oxide of iron which 
enters into it to the amount of 2 per cent. 

Silica gives similar siliciates with most bases. 
I am convinced that mineralogy will hereafter 
exhibit not only siliciates of magnesia, but pro- 
bably, likewise, siliciates of potash, soda, ba* 
rytes, &c. 
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B. EXAMPLE OF DOUBLE SiLICIAtES. 

1. Trisiticias KaUco-calcicus, Trisiliciaie of 
Potash and Lime — Icthyophtalmite Apophyllitc. 
Analysis by Rose, Nene's Allg, Journal du 
Chemie,.v. 44. It contains 

Silica 82*0 ) ("= 25'8i is 50'8$ 

Lime 24*5 Y contain ^ 6*72 6 26'04 

Potash S'oCoxygtnj l'S« i 8'M 

Vrater ^....la-o) ^ ( 13*2S 10 15»» 

lliis mineral is thus a double salt of lime and 
{K>tfl6h) in which the former cont^ns ^ve times 
the oxygen of the latter, and the silica three 
times the oxygen of the bases. It is a salt com- 
posed of one particle of trisiliciate of potash and 
five particles bf trisiliciate of lime. The propor- 
tion of silica in this analysis may turn out 1 per 
t&at too high firom a mixture of quartz in the 
«pectmett<*«tnihfed. 

^ 6{$llictds MagHestco-tizlcicuSj Bisiliciaie of 
Magnesia and Lime — Malacolite from Lang- 
banshjrttan. Analysed by Hisinger, Afh. i Fys. 
Kem. och Mineral. iii« SOO. 

Silica 64-18) ^^„#«5„ <=26-7» 4 53.5 

Lime 22-74 < ^' ^ » ^''' 

Magnesia 17-8i$ °^^6^" ( 6.1 i 175 

Oxide of Iron ..... s«i8 
Oxide of Manganese i'4» 
Volatile matters . • rto 
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It consists, therefore, of one particle of bisi- 
liciate of lime united with one particle of bisili- 
ciate of magnesia. 

3. Silicias MagnesicO'CaldcuSf SiliciateofMag* 
Ttesia and Lime — Serpentine from Bajmas. Ana- 
lysed by Hisinger, Afh. i Fys. Kern. o«di Mi- 
neral. $03. 

Silica SS'oo") r= 15*7» 6 SS'W 

Ma^esia 37 •«4f contain ) I4'i4 s 36*8d 

Lime lO-aor oxygen ^ 2**' * lO'Ti 

Water Uw) ( 12-85 « lf.71 

Clay .•••....... ... 0* » 

Oxide of iron o* 6 

Hdtice tins combihdtioti is a ddUbk siliciate 
with water of crystalli^atioti, consisting of one 
particle siliciate of lime, 9ve particled siliciate of 
magnesia, and four patticl^s df water. The 
original analysis has 10*6 particles lltiie : but as 
100 parts of the mineral produced 24*4 parts 
gypsum, the proportion of Infie, according to a 
more accurate computation, h Only 10*2 pet 
cent. . 



40 



C. EXAMPLE OF A COMPLEX SILICIATE. 

Byssoltte — Analysed by Vauquelin, Haiiy's 
Traite de Mineralogie, iv. 334f. It consists of 



Silica 47*0 "1 

JMagnesia 7*3 

Lime U'S 

Oxide of Iron 20*o 

Manganese Oxide. 10*o 



contain 
oxygen 



S3-56 


8 


48*00 


2*77 


I 


7*86 


3*16 


1 


10*70 


61 


ft 


19-s« 


3-0 


1 


9-68 



The difficulty of separating lime and magnesia 
with precision may have occasioned a loss in 
the former and an increase in the contents of 
the latter. If we suppose them to contain an 
equal quantity of oxygen, and divide the silica 
equally among all the four bases, then the salt 
will consist of one piuiiclebisiliciate of lime, one 
particle bisiliciate of magnesia, one particle bisi- 
ficiate of manganese with two particles of sili- 
ciate of iroii, 

I shall, however, in the following instances 
adduce many exfimples of similar complex mi- 
nerals, from the analysis of which we are not to 
expect all the precision which is requisite in 
putting the doctrine of chemical proportions to 
the test of experiment. 

It is evident that when we apply the doctrines 



41 



of chemistry to mineralogy, and the productions 
of the latter are classified according to the theory 
of the former respecting their composition, the 
nomenclatm*e of chemistry must also to a cer- 
tain extent be applied to mineralogy, and it 
must naturally considerably facilitate its study if 
we can retain the chemical liame : but unfortu- 
nately the chemical nomenclature cannot advan- 
tageously be applied further than to simple salts, 
or simple sulphutets, arseniurets, tellurets, &c. 
When these are doubled or variously multiplied, 
a chemical name, deduced from the composition, 
would be long, harsh, and of difficult utterance; 
and the most universal zeal for the introduction 
of a strictly scientific nomenclature cpuld not 
prevent it from being sypplanted by a shorter 
unscientific name. Chemists always say alum 
instead of sulphate of potash and alumina, 
which may very properly be used as a definition 
but not well as a name. It is therefore clear that 
the chemical nomenclature is not sufficient for 
mineralogy, and that for complex substances 
we must aVail ourselves of shorter empirical 
names. Let chemical names be retained as 
long as they can be used, but when tliat is no 
longer the case, I consider the oldest and most 
generaDy received names the best ; and I see xxQ 
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cause to biter such a natne except it be (a) ani«* 
blguoiis, (as for example muriacite fat gjrpsum 
whioh does not Contain water,) or {b) derived 
from a language which has no rdation to the 
Latin^ and sUch ad cannot be Latinised^ for ex* 
am{ile> KreuiMtein; because every scientific no*- 
mendature must have a relation to a Latiii 
fundamental nomenclature, from which every 
language ought not to translate the new nam^ 
but merely to ingraft it by inflexion into theit 
own. It is only in this mann^ that perspicuity 
can be obtained. I cannot, therefore, but highly 
dis^prove of the wanton desire shown by many 
mineralogists to metamorphose tibe name of well 
known mineraC^ by which the otody of Aem is 
rendered considerably more difficulty and the 
•ynonomy comes to be the most difficult part 
of the whole science. What has mineralogy 
gained by the exchange^ when it received apo^ 
phj/lUte for icthyophtaltnite, as the property o£iim 
Biineral, which gave occasion to the farmer 
name^ is common to many other minerals as 
Well as it; for example, to many ^ecies of mica? 
Perhaps this strong desire of metamorphosis is 
no other than the desire* of authors to give some- 
thing of their own to science ; but such.a present, 
shoidd it go no farther, it is equally in the power 
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of all to make, and it i^ddom elites ifi the 
read^f that gratitude on which the author per- 
haps calculated. 

But befdre I come to the ejtposition of thfe 
manner in which I cbnceive a system of mine- 
ralogy ought to be aftanged, 1 must name som^ 
words necessary for the purposes of minetfd 
analysis, In such a manner that the redder may 
at oiice recognize the nature and quantity of the 
constituent to which the mineral is indebted for 
its chemical nature* lliat this cannot be efibcted 
by the numerical arrangement, even >«^hen as^ 
sisted as in the elcamples which I hare just now 
adduced, the reader must hare already perceived. 
The result of mineralogical analysis must there^ 
fore be arranged in two mann^rs^ a mech&nical 
result, the numefical, ahd a scientific result^ 
which in th^ preceding Essay I was obliged to 
express by a short estplanatiolt silbjoini^ to 
evety analysis. Thid explanatfori ttiayj bjr th^ 
substitution of peculiar sign^, become supers 
fluous; and by a short and easily cotnprehehddd 
formula, the reader may in a moment understand 
the scientific result. 

In my Essay on Chemical volumes I have 
proposed similar signs for the arrangement ef 
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chemical combinations agreeably to the views of 
the doctrine of proportions. These signs require 
a full acquaintance with the composition of the 
substance which they represent, and tiiey in- 
clude all the ingredients of the elements, with 
the number of their volumes in a compound 
body; but these formulse, precisely from the cir- 
cumstance of their expressing so nmch, are too 
long and difficult to be comprehended in a 
moment. I shall call these chemical formulce, 
and in this Essay I shall use them oidy for in- 
flammable minerals and single salts.* The 
earthy minerals require easier formulas, which 
merely express what the mineral is, and I shall 
propose some of this description under the name 
of mineralogicalj and shall for this purpose 
fi>llow the rules given by Thomson in his System 
of Chemistry* He arranges the initial letters of 
the name of the earths in such order, that he 
begins with that of which each fossil contains 
the most, and so on in succession till that of 
^rhich it contains the least. I cannot make use 
of the same letters as Thomson, because they 
are merely relative to the English name ; and 
as these formulae ought everywhere to be equally 

* See farther, on this subject, the Appendix on Chemical 
filing. 
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understood, I consider they ought to be founded 
on the Latin nomenclature* In order that no 
confusion may arise from the two kinds of for- 
mulae, I shall write the mineralogical in Italics. 
Let us then take Silica = 5, Alumina = ^, 
Zirconia = Z, Glucina = G, Yttria = Yy Mag- 
nesia = A/, Lime (calx) = C, Stro'ntian = S/., 
Barytes = J5, Soda (natron) == N, Potash 
(kali) = K, Peroxide of Iron = F, Ferrose 
Protoxide of Iron =^ the two united Ffy 
Oxide of Zinc = Zi, Peroxide of Manganese = 
Mg, and ' Protoxide of Manganese = mg. 
Water = j4q. 

When in the formula the symbol of the earth 
appears without a number before or after it, it 
signi^es that in that case the quantity of oxygen 
of the earth is the unity in the formula. A 
cipher to the left of the letter signifies a like 
number of such unities; and a small cipher 
above to the right, denotes that the earth con- 
tains so many times as the cipher expresses the 
oxygen of the eanh standing beside it. We 
shall take some examples from the analyses we 
have already gone through. 

The composition of nephelin, in which alu* 
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mnfk and silica contam equ^ oxyg^ i& ex^ 
pnesf^ hy AS. 

'J^s^l^BpaTf in which the silica contains twice 
the iwcygen 9f the earth, is expressed by C S\ 

The fprmuJaB of more various composed fossils 
lore QQmposed &om the formulae of the single 
salt9 which Qn4:er into them, Eor example, the 
composilj^ of icthyophtalm =^KS^ +5 C S\ 
ofby^gplites?: AfS* + QS^^MgS^ + 2FS. 

The mineral productions divide themselves at 
first sight into two classes : 

J.; l^odifs foimed entirely agre&cjjfe to fh 
primiple^ of composition in unorgamc nature, th^t 
k» the WN^OQ of hinary bodies and limry bodies 
with eaich o^er. (I have already in another 
ploice shown that the principle of unorganica] 
composition^ 19 that it cpnsists only of two ele- 
ments, and when they seem to have a more 
various composition, it proceeds from their con- 
taining a Gombipation of two or more such bodiei^ 
composed of two elements.) 

2. Bodies formed agreeably to the principle 
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^f compQsiikm in ofganio naime^ a^A therefore 
coimdered 9s remains of 9, fonder orgimisation, 
(I have al90 id the »m\e place shown that the 
principle in organic compositions consists in 
the circumsta^ee that more than two bodies, 
usually three or four, of which oxygen is always 
one, ace eomhtned into one which cannot be 
considered as a compositioii of two Imary in* 
gredients. So that unorganic nature consists 
of binary bodies and their combinations, and 
organic nature consists of terncary and quaierr 
nary bodies,* partly separate, partly united with 
each other, and partly with binary, that i9» non 
organic bodies.) 

In most systems of mineralogy, diamond, 
graphite^ coal, a^halt, and naphta, have been 
arranged in the s^uoe class. It is evident diat 
this clafisificatio^ is as inaccurate as if we were 
to describe asphalt or naphta in thje chapter pf 
carbon. For the same reason it is dear tj^t 
honeystone cannot belong to the fo;rmer jclas)^ 
but must be treated of in the latter. 

A correct arrangement of the former of these 
classes forms the principal object of a mineral 
system. As mineralogy constitutes a part of 
chemistry, it is dear that this arraj^ment must 
derive its principle from chemistry. Tb? most 
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perfect mode of arrangement would certainly be 
to allow bodies to follow each other according 
to the order of their electro-chemical proper- 
ties, from the most electro-negativ^ oxygen, to 
the most electro-positive, potassium; and to place 
every compound body according to its most 
electro-positive ingredient But this arrange- 
ment has difficulties which at present render it 
almost impossible, and of which the principal 
is that we only know in a very incomplete manner 
the electro-chemical relations of single bodies. 
We must therefore, imtil we, become better 
acquainted with this subject, content ourselves 
with an approximate arrangement. We divide 
the single bodies into three classes, oocygen, 
simple itiflammable bodies which have not the 
properties of metals, which I have denoted by 
the name of metalloids^ and metals; and we 
distribute then; in the order in which they follow 
one another, from the most electro-negative to 
the most electro-positive, in every class. This 
order is nearly as follows : 

1. Oxygen. 

2. Metalloids. 

Sulphur Fluoric radicle 

Nitricum Boron 

Muriatic radicle Carbon 

Phosphorus Hydrogen 
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3. 


Metals. 


Arsenic 


Lead 


Chromium 


Tin 


Molybdenum 


Nickel 


Tungsten 


Copper 


Antimony 


Uranium 


Tellurium 


Zinc 


ISHcium 


Iron 


Tantalum 


Manganese 


Titanium 


Cerium 


Zirconium 


Yttrium 


Osmium 


Glucinum 


Bismuth* 


Aluminium 


Iridium 


Magnesium 


Platinum 


Calcium 


Gold 


Strontium 


Rhodimn 


Barytium 


Palladium 


Sodium 


Mercury 


Potassium 


Silver 


• 



Every one of these single lodies can constitute 

* I have placed bismuth here, not because I am of opinion 
that this is its most proper place, but because I do not know 
where it possibly can have its place, and yet somewhere it 
mutt) or soHie way or other, be placed, 

D 
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a mineralogical family f which will then consist 
of that single body and all its combinations with 
bodies which ore eleciro-negative towards it, that 
isf which with some few exceptions precede it in 
the above series. 

The &mily is divided into orders according 
to the different electro-n^ative bodies with 
which the most electro-positive are combined : 
these orders may then be, for example, 1* Sul- 
phurets, 2. Carburets, S. Arseniurets, 4. Tellu- 
rets, 5. Oxides, 6. Sulphates, 7. Muriates, 
8. Carbonates, 9. Arseniates, 10. Siliciates, and 
so on. It is clear that the number of the orders 
is increased in proportion as we ^proach the 
positive end of the series* In this manner we 
constitute orders to families and &milies to 
orders, that is, determine £imilies according to 
the electro-negative ingredients, and orders 
according to the electro-positive. Both may 
have their advantages and their difficulties, 
like all other systematic arrangements; and 
their various advantages cannot be fiilly as- 
certained except by a complete application of 
both. So far as I can perceive, the former 
has considerable theoretical advantages, not- 
withstanding the latter possesses different prac- 
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ticfll good qualities if I may so speak; thus^ 
for example, it arranges the whole of the ex« 
tensive class of siliciates together, and thus 
in an uninterrupted chain shows their coinci- 
dences, differences, and transitions into one 
another. 

When the orders are very numerous we must 
contrive resting points for reflection and recol- 
lection, through the use of which the whole may 
be easier mastered; and these must differ ac- 
cording to the different varieties of minerals which 
belong to the order. When the order does not 
contain more than three, four, or six different 
minerals, it is sufficient to divide it merely into 
species. By minerals of the same species I here 
mean the same tUing as Werner, the same com- 
position and in the same proportion. The dif- 
ferent forms under which the same species ap- 
pears are varieties. When again the order is 
very extensive, containing from 20 to 100 species 
and upwards, as is the case with the order of 
siliciates on electro positive bases, the memory 
is very much assisted by dividing it first into 
subdivisions; for example, 1st Subdivision, Salts 
of two ingredients, or single salts. 2d Subd. 
Salts with three ingredients, double salts. And 

d2 
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4th, Salts with three and four bases, triple and 
quadruple salts. 

These sabdivisions may be divided next into 
genera^ and the genera into species* A genus 
comprehends all the minerals which have nearly 
the same ingredients. The species again consists 
of the variations in the relative quantities of 
these ingredients. 

This is certainly not the fit place to go fiurther 
into the particulars of the mineralpgical ar- 
rangement, particularly as these are no other 
than expedients for the sake of convenience^ 
which appear to most advantage in an arrange- 
ment of the whole system, and may well be dis- 
pensed with in the exposition of single parts. 
However I shall, in the order of siliciates of the 
fiimily of alumina, give an arrangement into sub- 
divisions, genera, and species, in the way that I 
think ought to be adopted. That I do not adopt 
it in other places is because I have brought for-^ 
ward so few species that this does not become 
necessary. 

With respect to the determination of the 
iamily to which the minerals belongs we must ofa^ 
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Berve a somewhat different principle for the in^ 
flammable and for the oxidated opdiers: thus, 
for example, when the question is whether a sul- 
phuret, or arseniuret, &c. be double or complex, 
it is placed tinder that one of the electro-positive in- 
gredients of which it contains the greatest number 
of particles^ or if the mimber of these is equals unde^ 
the tnost electro-positives, 

When again the question respects an oxidated 
mineral which consists of two or more oxides, 
it is then alivays placed under the most electroposi- 
tive of the oxides without reference to the numler 
of the particles. Through the adoption of these 
two circumstances we obtain this great advant- 
age, that minerals of kindred compositions are 
placed near one another, and that, for example, 
the whole of the great class of double, triple, 
and quadruple siliciates are as good as arranged 
together under the three or four last electro-posi- 
tive bodies which end the system* 

I shall here give some examples of the ar- 
rangement, and for that purpose shall make choice 
of three families, silver, iron, and aluminium. I 
shall, however, not follow the principles too 
strictly, because my principal object was to 
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show on the one hand the possibility of the 
scientific arrangement, and on the other the 
correctness of the application of the chemical 
proportions. I have therefore in every one of 
the three &milies chosen different species, which, 
had I been writing an entire system, I should 
have placed in another family. But in the ar- 
rangement which in the following part of this 
jtreatise I have adopted, my view has principally 
been to create a scientific arrangement ; so that 
these examples may be considered more as im- 
perfect monographs of each &mily, than as 
parts extracted from a whole system connectedly 
digested. 

SiLVBR Family. 

15/ Order. Pure Silver. 

Argentufn nativum^ native silver, with all its 
varieties* 

2d Order. Sulphurets. 

1st Species. Bisulphuretum Argenti — Sul- 
phuret of silver. The chemical formula for this 
composition i% Ag + 2 S. 

2d Species. Sulphureium Argentty Utility et 
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Ferri — Sprodglomzerz. Analysed by Klaprotb, 
Beytr. i. 166. 



8;''f' ?«:*? receive, of 

Iroo 5*0 1 '^ 



Copper, Arsenic, Stony 1 | 

matter J 

Loss 5*0 



If the loss in this experiment is supposed to 
be chiefly sulphur, the analysis then gives 17 
per cent, sulphur, while the metals receive 
16.*. Klaproth determined the proportion of the 
antimony at from 10 to IS parts, by means of 
oxide of antimony obtained from aqua regia, 
and dried but not heated to redness, which 13 
parts contain, besides oxygen, both water and 
muriatic acid, according to my experiments on 
oxides of antimony, and could not therefore have 
contained more than about nine parts metallic 
antimony. This mineral appears to be rather 
a mechanical mixture than a chemical com- 
bination of sulphurets of silver, antimony, and 
iron. 

Sd Species. Sulphuretum Argentic Ferris Cupri, 



et Sliiii — Grau gilttgerz. Analysed by Kloproth, 
Beytrage, iv. 72. 
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Before I enter on the exposition of this 
analyBis I shall state what I understand by pro- 
pordonal degrees of oxygenation. In the calcu- 
lation of the mumber of volumes (atoms, par- 
ticles) in which the metals are contained in 
similar combinations, there is no easier way of 
arriving at the result, without long calculation, 
than by determining how much oxygen the metals 
take up in the oxides, which are assumed to con- 
tain the same number of volumes of oxygen. In 
the above analysis all the oxygen is calculated on 
the supposition that the oxides contain two 
volumes of oxygen. Chemistry however has not 
yet discovered this degree of oxidation in an- 
timony; although it is possible that it may exist; 
but at all events it is a convenience for us to avail 
ourselves of it in calculation. To those who may 
be disposed to consider this as a sort of pleading 
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for a feeble degree of the honour of proportion, I 
must be allowed to say that such a merely 
calculated oxide never appears where the 
higher or lower existing degrees of oxidation can 
be obtained^ of which the contents of oxygen 
constitute a multiple with a whole number of 
unities in the combination, and that it is there* 
fcre merely for convenience' sake that I avail 
myself of the imaginary oxide. 

From the small variations in the analyses ot 
the same mineral we easily perceive that, in case 
it is a chemical combination and not an aggre-r 
gate, it contains one particle (atom or volume) 
of silver, two particles of iron, three particles of 
antimony, and six particles of copper, combined 
with sulphur in such proportions that the copper 
gives a sulphuret, the silver a bisulphm'et, the 
antimony a trisulphuret, and tjie iron a quadri- 
sulphuret ; altogether the most usual sulphurets 
in which these metals appear. The formula 
which expresses this composition is Ag S* + 
2FeS^ + SSb S^ ^eCuS. 

^th S|)ecies. Sulphuretum Argenti et Stibii 
cum Oxido Slibioso — Red silver ore. Analysed 
by Klaproth, Beytr, 
1 
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Silver .^ ^i'o ^ takes ap oxygen f— 4*588 « 

Atitimoriy .' 18*6 f hi proponrtional j 8*9911 e 

Sulphur 1 1 "0 r degrees of oxy- 

Shilphuric acid 8*5 J genatioir. 



No chemical principle leads us to suppose that 
sulphuric acid is found in this mineral. Klap- 
roth was not of opinion that the oxygen in the 
mineral belonged to the sulphur. Proust after-* 
wards discovered that the sulphuret of antimony 
possesses the property which no other sulphuret 
does, of combining chemically with oxide of anti- 
mony; and that crocus of antimony is the re- 
sult of the combination, which by fusion can be 
mixed in almost every proportion both with the 
protoxide and with the sulphuret of antimony, 
and with other metals less inflammable than 
antimony. The colour of the mineral shows that 
it contains a combination resembling crocus of 
antimony. If this combination, as I once from 
a hasty experiment on crystalline crocus of an- 
timony was led to suppose, is composed of two 
particles of sulphuret of antimony with one 
particle of oxide of antimony = 2 Sb S^ + 
Sb O^j then J of the contents of antimony in 
the mineral are combined with sulphur, and ^- 
with oxygen. But 62 parts silver take up 9*176 
parts sulphur, and 12*334 parts antimony (J- of 
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18*5) take precisely the half of it s= 4*588 parts 
sulphur. Hence the composition of this mi« 
neral is expressed by Si O ^ -f- 2 Sb S* +6 jig 
S*. Consequently the composition of the mi- 
neral in numbers is 

Silver 62.oo Sulphoret of silver. ... 71 178 < 

Antimony .... 18.60 Solphuret of antim 16.y9« t 

Sulphur 13.76 Protoiidcof antim 7.ai7 * 

Oxygen l.i* 

which, as far as the proportion of sulphur is con- 
cerned, coincides with the result of Kiaproth. 

Srf Order. Stibiets. 

It is known that antimony forms two oxides 
that have acid properties, whence it follows that, 
like arsenic, tellurium, and sulphur, it must ap- 
pear as an electronegative ingredient in respect 
to other metals, which is also the case with both 
silver and lead. Hereafter stUl more stibiets 
may be discovered. 

1st Species. Stilietum Biar genii — Antimo- 
nious silver ore. Analysed by ELlaproth, Beytr. 
iii. 175. 

Silver ,..77 <**^??°'^y«:f"'*"P''^?=5-7W t 7T 
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Hence the analysis gives this stiluet exactly 

2d i^ecics. Stihietum TriargcTif t— Silberspies* 
glans. Analysis by Klaprotb, Beytr» ii. S01« 

Si>¥er 84> takes ozyipen in prop. < =: 6*9 5 8t's 

Aa(imoBy..l6y degr. of ozidatioo \ 8*a 1 1*7*8 

Hence the analysis deriates very inconsiderably 
at farthest from three particles silver to (me parti- 
cle of antimonyi and probably would not exhibit 
the smallest difference if the silver in the analy- 
sis had not been weighed afler copper, which 
always occasions it to be somewhat coppery. 
The formula for the composition of this stibict 
is *Si -f 3 Ag. 

4th Order* Tellurets. 

1st Species. Biiellvretum Argenti with Se* 
telluretum Auri — Aurum graphicum. Analysis 
by Klaproth, Beytr. iii. 20. 

Tcminttin....60) takco«yjrn»npro-C=:l4*M fio 61-st . 

Cold soy portional degrees of < 2*40 s 28'3» 

SUver 10> oxidation < ^*'* ' ^^» 

The proportion of gold in this analysis appear* 
nearly two per cent too high. This mineral. 
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supposiQg the analysis in other respects correct, 
is = ^g r* + S AiiT^. The disposition of 
the gold to take six volumes of tellurium is analo- 
gous to what happens in the common telluxet, as 
well as sulphuret and oxide, in all of which it 
unites with three volumes of tlie electro-negative 
body. 

2d Species. Bitelluretum Argenti with BiteU 
luretum Plumhi and Tritelluretum Auri — Weis- 
serz, Gelberz. Analysed by Klaproth, Beytr. 
iii. 25. 

Tellnret 44*75 ^takes oxy^n ) zr 11 '34 lu 44*as 

Gold 26*75 jin proportu^ S'i4 3 27*fl» 

Lead 19*5o ^onal degrees r^ 1*56 a 18*95 

Silver 8*50 (of oxidation 3 0«6J i 9'89 

A trace of Sulphur. 

In looking over these figures we find that the 
contents of the silver are nearly one per cent, too 
small. But when we see that in the analysis of 
Klaproth f of the contents of silver are obtained 
by fusion with carbonate of potash firom a mass 
of quartz grains, which amounted to 12 times 
the weight of the silver, we are not to wonder 
that the whole quantity of silver found was not 
so fiiUy brought out as to give the utmost ac- 
curacy to the proportion of silver in the result. 
Allowing a small error in the proportion of silver 
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£)und, this mineral will contain one particle silver^ 
two particles lead, three particles gold, and 1 5 par- 
cles tellurium ; and the mineral is, agreeably to 
what I demonstrated in an Essay published long 
ago, (K. V. Ac. Handl. 1813 sedn, Haiaen.*) 
so composed that, if the metals are oxygenated to 
their proper point, we obtain neutral tellurates. 
The formula for the composition of the mineral 
is therefore ^g T* + 2 P/^ 7* + 3 Au Tk 

5th Order, Aurets. 

1st Species. Biauretum Argenti — Electrum. 
Analysis by Klaproth, Beytr. iv. 3. 

Gold 64 (takes in proportionaH 5*i9 ^ 64*iifi 

Silver 36 ^ degrees of oxidation ^2*66 i 35* i« 

Hence this mineral is = -rfg + 2 Aiu 



2d Species, Auretum Biargenti — Aurifer- 
ous silver. Analysed by Fordyce, Phil. Trans. 
1776, p. 523. 

Silver. ••.... .72 > takes oxygen in prop. J2'S4 a 74 
Gold 28 > degrees of extdation (2'U i 26 

The proportion of silver in this analysis is a 
little too low ; but as it was made at a period when 

« Also in Schwcigger*s Journal^ November, 1812. 
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chemistry did not possess all its present expedients 
for obtaining precision, this circumstance is nol 
to be wondered at. 

€th Order, Hydrargyrets. 

1st Species. Bihydrargyretum .At genii — 
Native Amalgam. Analysed by Klaproih, 
Beytr. i. 183. 

Mercury ■. .64 } takes in proportional ( 5'ie « -S^'St 

Silver S6 ) degrees of oxidation ( ^*66 i 34*^3 

The formula for this compound therefore is 
, ^g -h 2 Hg. 

Tth Order. Carbonates. 

1st Species. Carlonas Argenticus (Stihto^car^ 
honas Argentiais PJ — Carbonate of silver. Ana- 
lysed by Selb, Aikin's Dictionary, Part ii. 295, 

Silver 72-5 

Carbonic acid <....13o 

Oxide of Antimony «13's 

From the circumstance that the silver here is 
stated in the metallic form, and yet, that there is 
];io loss in the analysis, it is probable that no 
great reliance can be placed in the result. The 
carbonic acid, as stated in the table, includes 
probably also the oxygen of the silver. On this 
supposition the result of the analysis is such 
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phuret of lead and sulphuret of silver, contains 
the metals in such proportion that the composi- 
tion is expressed by the formula, = Pb S + 
^CuS + ^FeS*. 

3d Order. Carburets. 

1st Species. Super carluretum Ferri — Graphite 
—Black Lead. 

The small proportion of iron in this substance 
long induced me to suppose it to be pure carbon, 
, mechanically blended with a little of the car- 
buret of iron. But as thV proportion of carbon 
in the artificial black-lead, which crystallizes 
during the fusion of cast iron, exceeds 90 per 
cent, this body must therefore be a chemical 
combination ; because we cannot suppose that an 
elementary body can separate itself from all 
combination with another from the mere dis- 
position to crystallization. Besides, it is known 
that the crystallizing hydrargyret of potassium 
does not contain fiill three per cent, of potassium, 
though it is beyond all doubt a chemical com* 
bination. This demonstrates that the maximmn 
of particles (atoms, volumes) of a body which 
can be combined with a sinjgle particle of 
another must be very great. For i^ according 
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to the analysis of Saussure, the pure liativd 
graphite gf Cornwall contains 96 parts carbon 
for four parts of iron, and if the artificial, accord- 
ing to Berthollet, contains 91 parts carbon for 
nine parts iron, one particle of iron in the first in- 
stance is combined with 208, and in the second 
with 98 particles of carbon ; or, allowing for a 
trifling error in the analyses, the former may be 
Fe -h 200 C, and the latter Fe + 100 C. 

2d Species. Sulcarluretum Ferri — Native 
Steel from Labouiche in. France. Analysed by 
Godon de St. Memin. Journal de Th. Ix. 340. 

Iron 94-6 

Carboo -4s 

Pboiphorus • !*• 

This iron is stated to be malleable. In my 
analytical experiments on cast iron I found that 
iron which contains 3^ per cent, carbon := SFe 
-f C is already in the highest degree brittle and 
completely immalleable. However if we assume 
this analysis to be something like correct, the 
combination would be 2 F(? + C mixed with 
Si, jjjttle phosphuret of iron. 

4/A Order. Arseniets. 

1st Species. Arsenietum Fetri — Mis'spickel. I 

e2 
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Voiow no enalysU of this fossQ, b|it bc^v^ th^t 
it may be securely calculated at 

Iron 45'4f 

Araeuic ^*H 

That is, ^ Fe+ As. 

2d Species. Arsenietum Ferri, with Sulphu-^ 
return Cwj&ri— Fahlore, from the mine of Hohen- 
birke, ajb Freyberg. Analysed by Kh^roth^ 
Beytr. iv. 40. 

Iron 28*5 19*M i 

Arsenic 24*1 t-<*8S*08 i 

Copper 41*0 «... 43*44 fi 

Sulphur 10*0 ll'M « 

Loss 2*0 

If therefore this mineral is a chemical combi- 
nation, and the difi^ence between the reisult cA>- 
tained and the result calculated is to be eoi^» 
dered rather as the fault of observation diau «# 
originating from a mechanical mixture ' of the 
ingredients of differ^it minerals, it will be o<m-* 
pps^ of Fe Jb ^ 2 Ci^S. 

Sd Species. Arsenietum liferri with sulpl^ 
return cupri — Fahlore, another species from the 
mine Jonas, at Freyberg, Analysis by Klaproth, 
Bqrtr. iv. 53. 
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Iron !W*5 1 -S44 fss 7-go « ft^-n 

Arsenic... 15*6 |-si 3*74 1 16*gt 

Copper. ..«. \±A 10.« . {Sr."}**- 
Sulphur... lOo J jly t l0-40 

Antimony 1 *» 

Silver 0*9 

Lon 9* 

So that the arsenic is the unit in this combi« 
nation, Biid thd mineral consists of ss fe ^A$ 4- 
3 CuS. 

6th Order. Tellurets. 

1 St Species, SuperteUurettm Ferri — Native tet* 
lurium. Analysed by Klaproth, Beytr. iii. 8* 4 

Telkirliim ^Pbil takes oxygen in pro- < =s 82*«i^ 10 92*00 
Iron 7*9o/por. de§. of oxid. } S'lt » 7*»if 

Gold 0*9» 

lioes 1*00 

This mineral is therefore Fe + 10 TV. But 
the number of particles of the tellurium ou^t' to 
be determined with greater precision, because 
very small variations in the result of the analysis 
easily change them from 9 to 12, and tUs mi- 
neral pvobaUjr contains some one of these mmi<^ 
bers. 

6th Order. Oxides. ^ 

1st Species. Oxidumfetricum — Iron glance, 
of various forms. Its composkiM is F + S 0. 

2 
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2d Species. Oxidum femao-ferriatm — Mag- 
netic iron-stone^ of all forms. 

According to my experiments, magnetic iron- 
stones, and minerals merely attracted by the 
magnet, have the same composition,* and con- 
sist of 

Ozidmi ferricoiD 69'08> cootain C= Sl'iso 3 
OxidolB ferrontm 9CHt) oxygem { Tims 1 

So that the peroxide holds three times the 
oxy^n of the protoxide. The combination is 
therefore = Fe (7* + 2 FeO\ 

It is extremely probable that the pure or free 
black oxide of iron occurs as seldom in a mineral 
state as other stronger saline bases. 

7th Order* Sulphates.. 

1st Species. Sulphas ferrosvs — Native iron- 
vitriol, f e 0« + 2 S 0\ 

2d Species. Sulsulphas liferricus — Ochre from 
vitriolic water, dcpodted from the preceding 
lipccics. 2 Fe 0^+ S0^ + 6H*0. 

Sd Species. Sulsulphas quadriferricus-^lvon 

• SMfarthfr, Apfeadix IV. 
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pitch ore. Eisenpecherz. Fer oxidS resinti^^ 
Analysed by Klaproth, Beytr.v. 221. 

Oxide of Iron..!.. 67) ^^-^--n C=20-5e 4 67 'so 

Salpharic Acid 8^ ^^°™ < 4 «) 1 8*69 

Waier 23) oxygen ^ g^.^ ^ ^,^ 

i 

This analysis demonstrates to us the existence 
of a sulphate of iron formerly unknown. The 
proportion of sulphuric acid is here a slight 
degree too little, and that of the water, probably 
from mechanically adhering humidity, a little too 
high. It will at all events be admitted that the 
salt is 4 /e 0' + S 0' + 12 H^ 0. 

Sih Order. Phosphates. 

^. 

1st Species. Phosphasferrosus — Native Prus- 
sian blue. Fff 0» + 2 P 0\ 

' This salt is usually at first phosphas ferrosus^ 
but it takes in the tjourse of time, through the 
agency of the air, a higher degree of oxidation, 
and receives a blue colour, under which it is 
changed to phosphas ferroso^ferricus. Through 
this change it receives a small mixture of mO^ 
phosphas JerricuSj and suffers by that means a 
small change in the contents of its water of crys-^ 
tallization. 
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2d Species. Sulphosphas ferricuS'^Pho»' 
phated iron. Fer pkosphatS. Lucas, TabL Meth. 
ii. 413. Analysed by Laugier, Ann. du Mus. 
d'Hist. Nat. iiL 405. 



Oxideoflron 4I*95) ^«„#a;_ Cz: 12*37 41'«4 

Phosphoric Acid*... 22-85^ ^^ „j" < 18-ia 2S-«« 
Wat^ 3l«5$ ^^y^cn ^ ^.^ gg.,^ 

Silica 1*2» 

Alumina 5*oo 



Hence this mineral is 1% O' + l^P 0^ + 6 
WO. 

3d Species. Svlphosphas ferricehTnangamcus^^ 
Manganese phosphate fenifere. Analysed by 
Vauquelin, Jtmmal de Min. No. 64, 299. 

OsHdeoflroB 91 

Oxide of Manpuiese 42 

Phosphoric Acid 8T 

This analysis does not corre^Kmd with any 
calculation. All that we can infer firom iC is 
that the mineral is a double subphosphate. 

9th Order. C^rbooatea. 
1st Species. Carlonas /errostiS'-^SpBrry of 



• The original hat 19^ from aa inaooarate calaolatioo ^ 
the composition of the phosphAte of lead. 
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wliite iron-ore. Analysed by Bncfaholz, Journal 
de Chemie und Physik. 

Protoxide of Iron... 59'i Ccontain) — IS'M i 68'77 
Carbonic Aeid 36'o ( oxygen > S6*si « 36*73 

time* S*5 

Water 2*o 

This mineral, which most frequently appears 
mixed with greater quantities than in tlie present 
example of magnesia, lime, or carbonate of man- 
ganese, is obviously a carbonate of iron com-* 
posed of = Fe 0* + 2 C OK 

2d Species. Sulcarlonas ferroso^ferrims. It 
does not constitute a separate mineral, but it 
^appears not unfrequently mechanically blended 
widi ochres, bog ores, &c. where, through the 
agency of water and air, it is destroyed and trans** 
formed to hydrate of iron. 

1 0th Order. Arseniates. 

1st Species. Subarsenias Mferricus^^Cuhe-^iTe^ 
Per arsermti. Analysed by Vauquetii), Brc^ 
niart, ii. 188. 

Oxid«oflron 48) ^„„...« (=14*6 9 47"Bg 

Ai*enicAcM isf f®™" J 7>» 1 W-4« 

Water S«> ®*y^" ( 88s 4 9S'9» 

Carbonate of Lfaoe,*.. % 
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The salt is therefore ^FeO^ + As 0« + 24 
H'O. 

II th Order. Chromates. 

Ist Species. Subchromis aluminictyferricus^^ 
Chromate of Iron. Fer chromatS. Analysed 
by Laugier, Ann. du Mus. d'Hist. Nat. iv. 325* 

Oxide of Iron .34) (= 10'« 9 S4'<» 

Alumina \\f contain 3 5*17 1 li'i? 

Silica. 1 

Oxide of Manganese X 

It appears very probable on a first inspection 
that this fossil must be a double chromate ; but 
when we compare the analysis of Laugier, Klap- 
roth, and Vauquelin, which do not materially 
differ nor exhibit any particular loss, though 
they reduce the chromium to the weight of the 
green oxide obtained in the analysis, we imme- 
diately perceive that this mineral cannot contain 
chromic acid, because for 53 per cent, green 
oxide, there must in that case be a loss of 
15*77 per cent, from the oxygen which this 
chromic acid must have given out before be- 
coming an oxide. I have ventured to call the 
mineral chromis^ though I am well aware that an 
oxide exists between the acid and the green 
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oxide, and that it is ppssible that it also gives 
combinations where it constitutes the electro- 
negative ingredient. I call the mineral S2il~ 
chromis^ because a neutral chromite must contain 
' three times the oxygen of the base, for this 
reason, that the green oxide contains three 
voliunes of oxygen. This mineral therefore con- 
sists, agreeably to the exposition, of two particles. 
stibchromis ferricuSf and one paxticle subchromis 
aluminiciis* 

Another similar mineral which Ellaproth 
analysed (Beytrage, iv. 132) seems to consist of 
four particles of the former to one particle of the . 
latter. The analysis however does not exactly 
correspond to any calculation. I must retnaric 
that the specimens of this mineral which Thave 
had opportunities of examining have not had 
the smallest influence on the magnetic nee^e, 
and therefore could not have contained protox-> 
ide of iron. 



I2th Order, Tungstates. 

1st Species. Subwolframias ferrico-manga'^ 
iiicus — Wolfram. Analysed by, Vauquelin and 
Hecht, Journal de Min. No. 19, 18. 
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Tangstic Acid 6T-oo) contain ( ^ '^'^^ • ^'^ 

Oxide of Iron ISoot ^,"""" i 5-40 s 16»* 

Oxide of Maoganeee 6-w) ^'^ysen ^ i.,, , ye^ 

Sflica 1-50 

hom ^.. 6'M 

• 

I have elsewhere shown that in neutral tung* 
states the add contains six timei^ the oxygen in 
the base. This salt is therefore a sulstungstatd. 
Its composition is Mg 0» + WO^ with S F0» 
+ S WO\ 

I3lh Order. Siliciates. 

IsC Species. SupersiRcias ferrtcus-^^'Grf^^'' 
lixKe^ farownish-red iron. Analysed by Buchfad^^ 
Journal ftir die Ghemie und Physique, ti. I56v 



8ilk»* • • 76'8»> eootain } *- S8*9t f^ 78*77 

Oxide of Iron 21 -07 > oxygen ( 6*m> i 81 '» 

• OjddeofBianganese 0*m 

2d Species. Trisilicias ferroms. See die esB* 
ample of single siliciates. s= J i^^ + 2 Ag. 

Sd Species. Silicias ferroso^aluminicus — A 
blaek mineral from GiBinge without a name. 
Analysed by Hisiug^p, Afh. i Tp. Kern, och 
Mineral. iii« SOQ. 



I 



• 



77 



Silica 2T-4) fsriS'ei » 27Mr 

Frotozldeof Iron,.. 47*8 ^ contain 1 10*80 4 47*s« 

Alnmina 5*fr r oxygen j 2'vr i 5*77 

Water 11*75') ( lO'M 4 Wat 

Oxide of Manganese 0*97 

The quantity of oxide of iron in this mineral 
is determined by the weight of the oxide when 
burnt with oil. The original has therefiure 51*5 
for oxide of iron, which corresponds to 48 per 
cent, protoxide of iron. The compositiomi of 
this mineral is expressed by A S + ^fS + 4? 
Aq. 

4th Species. Silicias ferroso-magnesieu^'^ 
Chrysolite. Analysed by Klaproth, Beytr. i. 
110. 

Silica. 39-0 ; ^^„,„u T == 19*s« b 40*s« 

Magnesia 43*» ^ ''''"^*'" i 16** 4 48'm 

ProtoxideoflFonl7*« } «»*>«*?«" ( 4^)t i 17 -as 

Klaproth obtained in the analyais q( tiiis mi* 
neral an augmentation of weight of two per centit 
which disappears whejn we redttce^ ^. it^ the 
above, the weight of the oxide obtained to the 
protoxide. This mineral is therefore =sfS + 
^ MS. 

5th Species. Silicias ferroso-caldcus — ^Mela<- 
uite. Analysed by Hisinger, A£h. i Fys, Kem. 
och Mineral, ii. 157. 
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Protoxide of Iron ♦. . 33-4o^ ^^^^;" i 7-50 i sa-si 

L',iD6 ^4-38) ***yS^" L ^w » 2T-4i 

.Alumioa I'oo 

Loss fr»in heating O'&o 



After allowing for trivial inaccuracies in the 
tesult, probably owing to a foreign mixture, this 
mineral is =/S + C S, 

6th Species. Silicias ferrico-calcicm — A gar-» 
net shaped mineral. Analysed by Bucholz. 

Silica 34"00) onnlftin f = 16-89 9 SS'S 

Oxide of Iron 25oo C !°"*f '" \ 7 * i 27 o 



Lime 30-75\ o^^S*" ? g.4 » ggs 



AInmina 2ioo 

Oxide of Manganese. . 3*60 

Carbonic Acid and { ^ _. 

Water J *'* 

The presence of the carbonic acid in this mi- 
neral betrays a slight mixture of carbonate of 
lime. It is in other respects FS + CS, Hence 
it appears that the 5th and 6th species differ 
merely in the degree of oxidation of iron. 

7th Species. SiUcias ferroso-calcicus with Si^ 
licias aluminicus — Black garnet, Melanite. Ana- 
ly filed. by Klaproth. / 

* GalcaUted from the oxide bunt with oil. The original 
has 36*50. 
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Silica ,...35-5) f=:n«i« S4*» *■ 

Protoiide of Iron 92*5 f contain ^ . 5*is 3 25*is 

Lime 38*» r oxygen ^ 9*10 s SO'oy 

Alumina,! «... 6*0 ) ( 2*8 i 6*ii 

Oxide of Manganese. . . 0*4 



This mineral is therefore ^ A S + S/S + $ 
CS. 

8th Species, Silicias fnanganico-Jerricus with 
Subsilicias aluminicus — Garnet-shaped mineral 
from Langbanshyttan. Analysed by £. Rothoffi 
Afh. i Fys. Kern. och> Mineral, iii. 

Silica 35*0 ^ f = 17*37 « S4-4« 

Oxide of Iron 26*o / contain j 7'R 3 27*9f 

Alumina 24*7 r oxygen j 11*6 4 23'in 

Oxide of Manganese. . 8*6 ) ( 2*6 i ^ot 

Lime 0*95 

Soda 1*09 

Carbonic Acid 2*oo 

This mineral therefore consists of M^ S + 
F^S + ^JS. - 

9th Species. Silicias aluminico-ferricTis with 
Bisilicias calcicus — Aplome* Analysed by Lau- 
gier, Ann. du Musee d'Hist. Nat. ix. 271. 



so 



Silica 42o) f :r fi0's4 » 4^.« 

Oxtde of Iron 14*ft f coataia j 4*S5 i I4'oo 

Lime 14*5 r oxygen ) 4*m i 15*94 

Alomina 20*o ) ( 9*tft « 18no 

Oxide of Manganese. . . 2*o 
Loss by heating to> g 
redness > 

This mineral is therefore CS^ + FS-\'2A8. 

This expofiition seems to demonstrate that the 
double silidate of iron and almnina, like many 
Othier siliciates, especially siliciates cf lime, mag* 
nesia, and manganese, may forjn gamet-shaped 
minerals, in the same manner as sulphate of alu- 
mina forms with potash and with ammonia such 
similar salts, that we often take the latter for 
alum. 

Siliciates of iron occur in very great abundance 
in minerals, for example, im mica, asbestus, 
tremolite, tourmaline, actinolite, chlorite, preh- 
nite, &c. but in the present state of chemical 
analysis it is altogether impossible to calculate 
the .composition of a mineral containing ii^oa 
with any degree of certakity. Klaproth began 
to determine the contents of oxide of iron by 
mixing the oxide obtained in the analysis with 
oil, and burning it afterwards in a vessel half 
covered, on the supposition that the oil would 
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alwa}rs reduce the oxide to a definite degree^ to 
which the result of the analysis could then be 
compared. But this procedure is $o inaccurate 
that we never can depend upon the proportikm 
of iron found ; for the oxide of iron is reduced 
by the oil, in a slight burning, not merdy to « 
protoxide but to a metal. If this burning be 
continued with the access of air,^ the metal is again 
oxidated, and usually forms oxidum ferraso^er^ 
riatm; but we can never calculate on this taking 
place completely, or be sure that it has in no 
d^ee been over-oxidated. It would be better 
therefore^ in all future analyses, to determine the 
contents of iron from the weight of die red 
oxide. In all the calculations of minerals con* 
taining protoxide, which I have already ad* 
duced, I have made a ccnrrection, founded on 
the supposition, diat what in the result cf the 
analysis is given as derived from oxide of iron 
burnt with oil was oxUumferfx^o^ferricvmy which 
contains 28*14 per c^it. oxygen, and I am 'of 
opinion that in most cases we diall in this wi^ 
come pretty near to the truth. 

• But there remains another questi<m in mineral 
analysis much more difficult of solution. In 
what degree of oxidation does this iron i^pear in 
the mineral ? It is absolutely necessary for Mteii* 

F 
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'tifie mineraldgjr to find a' metbod to deteimihe 
this. The ircm may, for instance, be partly 
protoxide, partly oxidtim ferrtwhferricumj pro- 
bably in more than one proportion between both 
.Qxides^ and pailly peroxide. When this latter 
.^appears, it is usually most easily recognizaU^ 
.specially from the colour of the mineral, which 
is. then yellow and red, or gives a powder of that 
-colour : but then to distinguish between the two 
^former from the colour is difficult if not impoa- 
fiiU^. It. is true, fbr example, that sulphas /er" 
^4Mus has a blue-green colour, where sulphas 
ferro^o-ferrkus ■. has a grass-green one i but this 
proyes nothing for other cases ; for prussiasfer- 
.^lo^l^ is white, whereas prussias forroso-ferricus 
. 18 dark blue. I mtist therefore recommend it to 
those who occupy themselves with the analyds 
,of minerals, to endeavour to find out secure 
■ varans for recognizing the state of oxidation in 
. which the iron is found in the minerals. ' The 
same observation applies to manganese. (See 
ftrther, Appendix IV.) 



ri* ■■■ ■ 
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I4ith Order. Tantalates. 

;' 1st Species. Tantalas manganko-ferricus^, 
: (Manganosq-ferricus ?) — Tantalite- columbite. 
, The analyses by WoUistcm, Klaproth, and 
-Ya«guelin. 
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Oxide of Colaiiibiain....85 80 *....,. 83.. ^..83 

Oxide of Iron ...10 .1^, ■.[,.... VlO...... 12 

Oxide of Manganeto.... 4 "5 .'...V.' !^. ..'..• 8 

• We see that these results revolve round a 
common central point ; although no calculation 
can be made, as long as neither the quantity of 
oxygen in oxide of tantalum is known, nor the 
degree of oxidation of the two other metallic 
oxides is determined. 

• 

2d Species. Sultantalas yttrico'-firrostis^^ 
Yttro-tahtalite, Analysed by Vauquelin. 

Oxide of Tantalum 45 

Oxide of Iron and Yttria 65 

From this incomplete experiment we can only 
di!kx>Ver that the abdve is a tantatate, and there* 
fore it must be a subtantalate. 

% 

I5th Order. Titaniates. 

Ist i^>ecies. Titanias ferrosuS'^Meiis^chamtef 
Titanium-sand. Analysed by Klaproth, Beytr* 
ii. 231. 

Oxide of Titaninm 45*85 loo 

Protoxide of Iron 51'00 iis*9 

2d Species. Subtitanias triferrosm — Titaniq- 
irdn, compact magnetic iron-stone. Analyajsd 
by Klaproth, Beytr. ii. 284. 

* Analysis of Coliunbitt. 
f2 



' .J 
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f»r!l^ 6r Tttaidimi. .Vi im 

Protoxide of iKtti ..78 sm 

9A Spedai. Suhtifanias ^^ktrosu^ — Sosidy 
hm^etic iitm-^iMMie. Analysed %y Klaprolb» 

Oxide of Titaniiiin .14*0 loo 

I'rotoxideof Iron ^85*5 6io 

4th Species, Titanias ferrko-manganicus^^ 
Nigrin. Analysed by lOaproth, Beytr. ii. 238. 

Oxide of Titaniom .,.,^,M 

Oxide of Iron 14 

Oxide of Manganese ••..•• 9 

^ Img ^ lihe <sbmpDriCioti c€ oxide ^of tHft- 
nium is not sufficiently OBoalilmaed, &e ▼atue tof 
these analyses cannot be determined. From 
the analysis by ^kproth tf the protoxide of tita-> 
i^ttH we seeihttt the qutttities of proUXKide of 
it&k 4upe hioreased ^nearly as 1, S, 6. But when 
we look into the analytical method, we find that 
the quantity of the protoxide b determined in 
the manner already mentioned by me, and must 
therefore be reduced from if&rroso^erriGum to 
firrosumf beeause the strikiiig magnetic charac- 
ters of the minerals distinctly show that the iron 
must be found in it in its lowest degree of oxida- 
^on. On the other hand the contents of tita« 
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nium are determined fit>m the loss, so that ia 
the same proportion that the contents of iron 
are too great, the contents of titanium have su& 
fered. From a calculated correction, the first 
species contains 98 parts protoxide of iron for 
100 parts oxide of titanium; the second species 
286 of the former for 100 of the latter, which is 
nearly = 1 : 3* But the third species does not 
correspond with the correction, I have not had 
an opportunity of seeing the fifth volume of the 
Beytrage, and therefore cannot say how far the 
analysis of the third species i3 so determined 
towards its result, that the same correction can 
be applied there^ that was applied to the other 
two. 

I6th Order*, Hydrates. 

1st l^>ecies. StMiydrasferricuS'^Oiibx^f hog^ 
ore. Consists of P0» + 1+^*0. 

It appears seldom pure, but is generally 
blended with carlnmas ferroso-ferriciLS^ together 
with subsUidasferricus. 

Family of Aluminium. 

In proportion as we approach the end of the 
chain of single bodies, the inflanunable imner^ 
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become more rare,, and the oitidated more va* 
rious. Nature here exhibits the endless diversity 
of which she is capable, though she always fol- 
lows with the utmost strictness the laws of deiS- 
nite proportions in composition. The greater 
the number of oxides which are combined, the 
greater is also the number of the proportions in 
which they admit of combination, and I shall 
place before the eyes of the reader a proof of 
the possibility of a great multitude of minute va- 
riations in composition in minerals of the same 
kind, with some probabilities that nature occa- 
sionally produces a great number of the combi- 
nations possible in our theoretical reasoning. 
Hence it happens that there may be such consi- 
derable differences in the numeral contents of 
kindred minerals, that they will evidently long 
baffle our most strenuous endeavours to bring the 
analysis of minerals to the degree of perfection 
which is so indispensably necessary for the scien- 
tific improvement of mineralogy. 

The family which we have before us possesses 
no order belonging to the inflammable combi- 
nations, nor, so far as we at present know with 
certainty, any pure oxide tbat is alumina in ft 
combined state. Most systems of mineralogy 
adopt a class of precioos ajid completely hard 
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Stones which they consider as pure alumina. 
Thus, for example, Klaproth found sapphire to 
be pure alumina coloured by a little oxide of 
iron ; but Chenevix found by the application* of 
a new analytical method, in the same sapphii>e, 
3^ per cent, silica, and 7 per cent of it in rubies. 
It is not probable that these contents pf silica are 
merely accidental. Perhaps these minerals must 
be considered as subsiliciates in the highest 
degree of saturation with alumina. 

Another class of th^se hard minerals contains 
the alumina combined with bodies of a more 
complete electro-positive nature than alumina ; 
for example, with magnesia in the spinell, and 
with oxida of s^nc in the authomolite. If it 
hereafter can be shown to be probable that the: 
minute portions of silica found in these are de^^ 
rived from foreign mixtures, then these combina*; 
tions would be true aluminiateSj in which the 
alumina supplies the place of the acid, and 
belong therefore no longer to the fiiimily c^ ahi- 
mina, but to those of their bases. The niSinity; 
between these minerals has the same groimd as 
the affinity betweep sulphate of magnesia ai|d 
sulphate of zinc, or between sulphate of barytas 
and sulphate of strontian. : 
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Acoordiiig to Ekeberg^ . the aiithoDiolite caa- 
tains* 

Aliiniiia........0O*oo> contain 5a=S8*4 lO <« 

Oxide of Zinc. .24'ft»$ oxygen } 4*8 n O 

Oxide of Iron. . 9^ ai pretozide 9% i 
Silica. 4*75 8*9 i 

This mineral can be considered in variooi 
fMiys. If we do not attaid to the iron and the 
nliea, it would then be an alumias zincicusj in 
which the alumina contains six times the oxygen 
of the oxide of zinc, and which might be 
coloured by silicias ferrosus. 

, On the other hand, it may again be composed 

of a doable aluminate of zinc and iron, that is, 

lm&^?ni/tta<yerrow-fUH<:icz^j so that the alumina 

in all these single combinations ocmtains three 

I » times as much oxygen as the body with which it 

is oomhined. In this case the composition is 
FJ^-^Q^J^ + A^S. 
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* 
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SpiaxSk from oker ooiudsts, aec(Mrding to my 
fliMlysiB of it, of 

Almnina... 78*aft> contain ( =: SS*»s m> U 

XapBesIa 14'0sS oxygen 2 ^^ <S <& 

Silica 5*40 <*«« s 

Oxide of Iron. • . 4'M as protosidt Q*H t 
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The alumina is here again evidendy in the 
tame proportion to the magnesia as in the fore- 
going to the oxide of zinc, notwithstanding that 
the quantities of the oxide of iron and the silica 
are not in the same relative proportion as there. 
This circumstance furnishes another probability 
in favour of the idea that these minerals are 
true sealuminlates of oxide of zinc and magnesia, 
to the constitution of which, oxide of iron and 
silica perhaps belong only as mechanical mix« 
tures, constituting a part of the structure of the 
crystal. Futiure experiments must throw light 
on this. 

15/ Order. Sulphates. .. , 



1st Species. Subsulpkas aluminicus — Native 
alumina fixnn Halle^ in Germany; from Sussex, 
in England. In this fossil, the alumina contains 
the same oxygen with the acid, and the crystal 
water three times as much. 

2d %)ecies. Su^has ahminico-kttlicuS'^Jfni* 
tive alum. Conrists of three particles sulphate of 
alumina for one particle sulphate of potash, and 
24 particles water, 

2d Order. Fluates. 
Ist Species. Svhftuas a/e^mima/5«-Babington'0 
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wavellite. Davy's analysis states its composition 
to be alumina, water, and fluoric acid spar. The 
proportion of the water to the alumina proves 
that what Davy took for pure alumina also con*^ 
tained fluoric acid. 

. 2d i^ecies. Flvas aluminico-nairicus — ^Chry- 
solite. Analysed by Klaproth and Vauquelin. 

Soda ^^'» ) a c C — ^** 

.Alamina 24'o C « m 3 H'a 

F! 



and Water $ ^ ' ) S 8 




The difference in the results of the two ana* 
lyses is perhaps a proof that neither of them is 
perfectly correct. In the mean time they ap- 
proach so near to each other, that we perceive 
both bases must contain the same oxygen. That 
the soda turns out less is owing to the extensive- 
iiess of the operation which is necessary to bring 
it out, and which renders loss inevitable. In 
the fluates the salt contains the same oxygen 
'^ith the base. Let us now assume that the salt 
is composed of one particle neutral fluate of soda, 
one particle fluate of alumina, and one particle 
water, its numerical composition will then be, 
according to calculation, 
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" Soda 40.00 

Aliimiiia r«.... 21*73 

Fluoric Acid S6-fi6 > ^ ^j,.^ 

Water ll«ij— ^^ 

with which the analysis of Klaproth coincides, 
so far as to constitute a good approximation, espe* 
cially, as was before stated by me^ when we consi- 
der that the alumina in the analysis of most mine* 
rals containing fluoric acid turns out always too 
high from a small quantity of retained fluoric 
acid. 

Sd Order, Fluo-siliciates. 

This order is composed of the topaz family. 
It is known that fluoric acid possesses the pro- 
perty of uniting with boradc acid and silica, and 
forming peculiar acid gases which may be 
called acidum boracico^iwricum, acidum silicO' 
Jluoricum, and their combinations with bases, 
fluo-borates, fluo-siliciates. The fluo-borates 
have been described in a highly interesting 
manner by Thenard and Gay-Lussac. Fluo- 
siliciates however, though they are much more 
remarkable^ and though they have long been 
known, have never been the subject of a similar 
theoretical examination. Richter has long ago 
described many fluo-siliciates, (Neue Oegen- 
stande, St. iv. 5S — 76,) namely, those of potash^ 
soda, barytes, lime, and magnesia; and John 
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Davy has lately wiih great accura^ examiaed 
both acidum sUico-fluoricum and Jhuo^lidas am- 
momais. He found that 100 parts of fluoric 
add combme with 159 parts of silica, and that 
these 259 parts can combine with 84*33 parts of 
ammonia, and from these data we can calculate 
the quantities of every other basis which is ca- 
pable of saturating this double acid. 

However I must remark that after it has 
formed a salt, this salt must be considered as 
double, consisting of fluate and siliciate. Hence 
it must happen that one particle of fluate may 
be combined with 2, 3, 4, &c. particles of the 
siliciate, in the same manner as one particle of 
the fluate may be combined with 1, 2, 3, &C par« 
tides of the bisiUdate, and also that a particle of 
the subfluate may be combined with one or more 
partides of the siliciate, with many other varia- 
tions. The diversity which prevails in the ana- 
lytical results obtained in the topaz &mily, in^ 
duced me to calculate some of these possibilities^ 
and to arrange them in numbers for the purpose 
of comparison with the analyses. 

I have assumed as the ground of this cal<- 
culation, according to experiment, in so far a^ 
ks precision applies to the point, that the quan- 
tities of fluoric add, silica, and alumina, which 
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t)ontain equal qtymtities of oxygen, nre to one 
another s 100, 159, 16S. In die foUowin^ 
formvhe I have marked the flooric acid with die 
wga FZ. 



FormukB ji Fl^ + A S*. AFl ^ AS. AFt^9A9. 

Alumina* . . 38*69 55* 4 5S'9i 

Silica S7*66 87* « S5*o6 

FJuoricaaid 2S'70 1-6* 4 11*03 

jPormtite AFt-hSAS, AFl-h^AS. AFl-^5A8. 

Alaroina. . . 5S*07 59'5» 5S*«i 

Silica 96-80 40 so 4S*«4 

Fluoric acid 8* is 7*i» 5*s» 

FormuUe AFii-^AS. 2AFl-hAS. A^ Ft ^ A8» 

Alumina. . . 58*i7 47* § 65*s« 

SUica 43*M 83'ft 81*M 

Fluoric acid 4'S8 S9* t 13*38 

Fammhi A*Pl-k-^AS A^Fl + 3AS. A^Fi-h^AB. 

Alumina. .. 60*98 58*m 67*09 

Silica 30*00 34*«7 Sl-io 

Fluoric acid 9*07 7*i8 5*8i 

FornmkB AFT-^ ASP. A^Fl^2AS^. A^Fl-hSAB*, 

Alanlaa* . . 44*m 47*io 55*do 

Silica 42*90 45* » 40*40 

•HuqfIc acid 13*m 7* 4 4*M 



The reality of the'two last formulae may per- 
haipB at first sight be doubted, fiat I am in- 
iduoed to consider it ^highly probable diat one par- 
ticle of fluoric acid, by means of its very strong affi- 
nity, may retain two partidesof alumina with espial 
if not stronger power than that with which two 
particles of silica xetain one particle of afaamna. 

We easily perceive that the differences betweeQ 
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the numeral contents in these calculated com- 
positionit are so minute, that the mannier in 
which these minerals have hitherto been analysed 
can determine nothing relative to their intimate 
composition, or the formula to which they 
belcmg. 

•• 

The topaz &mily includes pycnite, stangen- 

stein, schorlous beryl, pyrophysalite, precious 

and common topaz. The following is the analy- 

cal result : 

Schorlous beryl. IVroplijrMUt*. 



Bucbols* Vauqueiin. Klaproth* 



Alumina 48 52*0 49* r 

Silica 34 36-8 43*0 

Fluoric acid. 17 5*8 4* o 



Hiaiager. 



53 -at 

32*88 

10*00 



Saxou. jliberian. YcUow Bniiliaa. Wkite Topai. 





Klaproth. 


Vaaqoelin* 


Klaproth. 


VaaqMlin. 


Alumina 


59 


49 
S9 
20 


48 
30 
18 


47*5 
44*5 

7- 


47 
28 
17 


50 


Silica 


35 


29 


Fluoric acid . . 


5 


19 



Very few of these results coincide with any of 
the calculated formulas ; but let any one com-* 
pare merely the analyses of KUaproth and Vau« 
quelin of Saxon and yellow Brazilian topaji^ 
and he will immediately perceive that some hid- 
den error must lurk at the bottom of these dif- 
ferences. For example^ Klaproth found that 
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the Saxon topaz contained only five per cent 
fluoric acid, but that by a strong red heat, espe^ 
cially when assisted by the bellows, it lost as much 
as 22 per cent, which is nearly twice as much as 
ought to be the case if this five per cent acid had 
made its escape saturated with silica. In the 
analysis of finbo-topaz, known by the name of 
pyrophysalite, which was made by myself and 
M. Hisinger, (Af hi. i Fys. Kern, och Min. L 
114,) we remarked that when the alumina, 
which after solution in caustic potash was pre- 
cipitated by sal ammoniac, was gently heated to 
redness, it went through no unusual change; 
but that when it was exposed to U white heat in 
the crucible, and the lid was suddenly taken ofi^ 
the mass emitted smoke, and the lid was always 
attached to the crucible by a sublimate which 
we found to be a salt of alumina soluble in 
water, and probably neutral fluate of alumina ; 
119 parts of burned aliunina,^ which had been 
heated to redness, lost by this treatment nine parts 
in a white heat. This seems to prove therefore 
that so long as the fluoric acid is not separated 
we always obtain a part of it, notwithstanding 
the surplus of the alkaline precipitant in the 
midst of the alumina, and that when it is gently 
heated to redness the proportion of alumina 
turns out too high, and when it is exposed to 
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between both the bases, and the decided inclina'?* 
tion of the gludna to form supersalts prevails also 
in this instance, as it takes, in relation to the 
oxygen which it contains, twice as much silica as 
alumina. In the analysis of the beryl the pro- 
portion of the contents of silica to the bas^ 
comes nearer than in the emerald, while on the 
other hand the relative quantities of the bases in 
the latter are more correct than in the former, 
which ^ves too piuch glucina. The miueral k 
therefore GS^ +2AS^. 

24 Species. Silicias aluminicus with Bisili' 
cias leryllictis — Euclase. Analysis by Vauque- 
lin, Haliy's Traits de Mineralogie, ii. 532. 

Silica 35) r = 1T'«8 4 i^'o% 

Alumina 19^ contain j 8*87 « SO'io 

Glueina ISC ox^^eu j 4*66 i 15*i5 

Water 27 J f 23*8a * 2«*7« 

Oxide of Iron 3 
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We see from this analysis that the bases ip 
this mineral are in the same proportion to each 
other as in the preceding, and that the glucina 
takes also he^ double of the silica in relation 
to the same quantity of oxygen, that the alu- 
mina does. The proportion of oxygen in, 
glucina will be found by the reader determined 



I 
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in Appendis VI This mineral is therefinre 

2d G^us* Silicias ahmimco^akicus. 

Ist Impedes* Trisilidas aluvrnnco^calcicus-^ 
Mesly Zeolite. Analysed by Hisinger, Afh. i 
Fys. Kern, och Mm. iii* 315» 

Silica 60-01 f=:Sf^8 ii 5t*4y 

Alumina »16^ ef cootaia 1 7*88 16*80 

Line 8*oroz5geBj 2*95 i 8*89 

Water , 11* •) ( W*i4 4 ll'it 

Oxide of Iran •••»...• 1* t 

This mineral is CS' + 5AS* ^^Jlq. 

2d l^[jecies» Bmlicias alummuxH!alcicus^^ 
Lamnonite. Analysed by Vogel^ Journal de 
Fhysiqae, 1810, 6«. 

Silica 49* 0) ^=s S4*4a 10 48*99 

Alanuaa...^ 82* of contaia 3 ]0*s7 4 80*is 

Ijime 9-o^ozyfeB^ 8*&9 1 8*h 

Water.... IV bj ( 15'44 e 16^ 

This mineral hC S^ + 4tA S* -^ 6 Aq. 

5d I^)ecie8. Silicias abifttinico^calcicus-^Co^ 
Imnnar Scapditew Analysed by Laugier^ Jour- 
nal de Physique, Ixviii. 36. 

.» 
q2 
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Aliiiiiiiia S3- ti «*n»»° 3 |5-,i 5 S4.otf 

Lime 17-6) oxygen ^ ^^^ ^ ^^.^ 

Soda, Potash . . > q 
Oxide jpf }jron....) 

This mineral is therrfpr^ =si C S + SAS, in- 
pure from simdl qu^tities of alkaline piUciate-, • 

4th Species. Silkias altimimcus with TriA- 
Udai cqiZcia^-rNeedle zeolite. Analysed bjr 
Yt^nquelin, Jomnal de Min. No. 44, 596. 

Silica 60*a4> f =84^)0 8 47 -ri 

Alumina 29*so^ coatain j IS'Ta » Sltfliv 

Lime 9'46r' oxygen ) 2*75 1 lOsi 

Watei \0%oJ ( 8-P2 s IQ-os 

This mineral is therefore C S^ -{- 5 A S -{- 
B i<9. Hisinger found in a shapeless zeolite 
frfOA Taiidfila in 8t)de;tnaiile|id, silica B\% alu*> 
mina 30, lime 8, and water £. It seems to be 
the Sfune mi|;i^al with oi^y two particles water. 

5d^ Species. SiUeias altminicus with Btsili- 
daS'Calcicus — Shapeless 2^1ite from Borkhult. 
Analysed by Hisinger, Afh. i. Kem. Fys. och 
Min. iii. 309. 

Silica..^... ,....46*40) ^^_.-s„ (— 2S'07 s 46n 
Lime.... n-u) °*y«^° ( 4*«> l X^^ 

« 

Oxide of Iron ... 0*70 
L«st by a red beat S*flo 

This mineral Ia C S^ + 3 A S. 
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if A dhhiH. S^das almhkko^tariiicm. 
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1st Species. Bisilicias aluminico-hariticus-'^ 
Cro«9-stQne JEIartnpitQm^ ^ from Qlyra^n. 
AjidJysed by Tass^rt.' 

Silica 47-5) > r ^29^66 t4 46'» 

Alumina i9* sf contain j 9*i7 6 21m7 

Bai^tes #...16*o^ ooiyeen j 1*68 i lfi*7S 

Water...... JS^ &J( ( U-^ 7 i9'40 

This miiieral is JB ^J* + 6 /4 ^S* + 7 ^4^. 

2d Species. Bisilicias aluminicus with ^ua* 
drisilicias lariiicus — Cross-stone from Andreas- 
berg. Analysed by Klaptoih, Beytr. ii. 83. 



Silica 49") r = 84'So is 4T'if 

Alumina 16 |^ cf pfnin 1 7*M 4 16*8i 

^ J 1'89 1 Id^« 

V. 1S*2S 7 15*3 



Barytes 18 r okygen ] I'sg i lien 

Water. 15j V, IS'as 7 I5'S8 



TMismmeral is BS^ + 4 AS^ + TAq. tWs ana^ 
lysis requires an accurate revision, notwithstand- 
ing its complete coincideace with the formula^ 
because the differences are altogether sp minute 
that ihey saay possibly have been errors of exr 
periment, and these two species have therefore 
perhaps the same chemical combination. 

^ Omm^ SUkid^ (duniMoo^natricus^ 
Ut Impedes. SUidas alumintcusyfiih TrisUicioi 
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9iairtc2tf— Mesotype. Analyied hy Klaprot&f. 
Beytr. v. 49. ' 

Silica 48-00^ r=:8S*M e 49« 

Ahmiiim tSruf contain j ll*sft s 86'ot 

Soda 16*M>r oxyfen ^ 4*«i i 16*77 

Water. 9*oo) ( 7*o« ft 9*if 

Oxide of Iron.. . 1*7* 

This mineral is N S^ -h- SA S + 3 jiq. 

2d Species. SUicias abiminuxhnatricus — 
Electric SchorL Analysed by Klaproth, Beytr. 
V. 90. 

Silica 4S'io') ^.,,,„ r=2l-»8 lo 44-07 

Ainmina 4«-M S- ^^" / 1»-7S f 42-is 

Soda 9-ooJ *^^5®"* t 2-do i 8-w 

This mineral is JVS + 9 AS. 



€tb Genus. SiKcias alumimco^kalicus^ 

1st Species. TrisUicias aluminico^kaltcm^^ 
Common Felspar. Tlie most probable compo* 
sition of common felspar, so &r as we can calcu- 
late it from the many analyses of it which we 
possess, is, that the alumina bears the same pro* 
portion to the potash as in alum, and that the 
silica contains three times the oxygen of the 
base^ 7?he following is therefore a oompansoa 
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betweeh the calculated and esperimental resiilts 

of the compoddon of Felspar. Analysis by 

M « w^ * • ■w» CalcmUto4 

VaaqaeHa. Klapvoa. Bom. R«m1«. 

Iilic«;.u..^.64* e8-»+ 68*0 t ^"f^h ^'^ '* 

Alamina 20 IT'ot Ifi-o 47-40 IT'fli » 

Potash 14 13-00 14'i IS-oo l^'is i 

lAme 2 S'oo I'M 

Prptozideof} j.^ 0.7» 'i:v 



Iron. 



i 



I dxti therefoi*e <lisposed to belieVe that 1i<re 
may with some degree of certainty consider 
common felspar bs K S^ + S A S^. 

id Species. Trisilicias kalico^luminicus'^ 
Lepedolite from Uton. Anal3rsed by Hisinger^ 
Afli« i Fys. Kern, och Mineral, iii. 898. 



Silica. 61*00) (=rSO-8o fii 69*S9 

Alumina SO'tfif contain 3 9*7« e 19'M 

Potasli4< 9*i6r oxygen "S I'M i 8*m 

Water 1*m) ( !•« i I.09 

Oxide of Manganese O'so 
Lime !*•» 



• Adularla, Havy's Traits de Mlnerol. li. 608, JC^4I 

t Emerald-green Siberian felspar. Bull, de la Soc. PhO. 
An. 7, No. 24, p. 185. 

X From Drachenfels, Beytr. t. 18, JCS« Zr^dS*} 
S Fletb-^loorcd fdspar from Lenults. 
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oatygea ^ tile mlica is not fiAy <I tSmtm 
that ofthe potash, but the error in the propor- 
tion of potash must be very trifling, because in 
the calculation it is multiplied 21 timesi so that 
we To^ pretty confidently state this minferal 

5th Spe^es* Bisilicias aluminicO'lMicus — 
Leucite. If this mineral is X ^* + 5 if <?* its 
opmpofikion will then be (KU^oUt^a ajtalyiis^^ 



Silica SS'So") ^„#_. f=:96*»$ s 55'45 

Alumina 24 as V «!.™ " < 1 1 -31 s «2-io 

Potash 29-OdJ «*y««n I S'U i SO^ 



iHuck tome as near to one another aapocsiUe^ 
particulariy when, we observe that in almost all 
single siliciates the proportion of silica comes* 
put too low, which either ha{:y^ns from a onall; 
loss through, the solubffity of the earth in tJie 
analysis, or from taking the proportion of 
oxygen too low in the calculation of this cpn^po*^ 
sition of the silica* 

Sd Subdivision, Triple and G)mplex Siliciates.. 

1st Genus. Silicias aluminkus with SiUctas^ 
kalku^ and Silicias ferrm^ t^t-ejiuutft fiunilf ^ 

1 
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1st SpedoL Folittied Prehnile from the Cw^ 
Analysed by Klaprotl^ Beot a. Entd. der Naturf 
fr« z« Berlin. 

Silicm 40*fls> f =19-65 is 4Vm 

Alwniiia 30«8s j ^^. .^ I i4-i» 9 «h»t > 

Lime l«-?s > «on«»« J s-,* s 17-if 

WaAer^ l-is J I !•«« i !•« 

Hiis mincffBl i* /i* 4f 4- 5 ^ ^ ^ 9if .S -f af^^ 

9d Species. Radiaied Prehnite^ Analysed by 
Langier, Ann. du Mus. d'ljUst. Nat. ilL 20S. 

Silica 48*s ) r=Si.o tt 41*r 

AliUBiiHi »i 1 ^^,.1, I IS-s 15 S9-« 

Li«c 28-4 S *™ S ^'^ « «<>•• 

OaMe«f Iron., a-o j •*!*» I O1 i 3-© 

Water ito } I !•• § g-i 

Alkali 0^5 

This mineral is /^ 5 + 6CS + l5AS + ^Aq. 

3d l^iecies. Kaupholite, Analysed by Vauqae' 
lin, Haiiy'a Traits de MiiL iv. S73. < 

Silica .% 48) r = 23-84 «> 49-as 

Alufiiiiia S4f caotain 1 ll-av 9 S3*9t 

Lime ^ 23^ oz^fen j 5*44 s 2l*9t 

Oxide o£ Iron^... 43 . X, I'M 1 d*ot 

Thia mineral is /^ 4$ + 5 C S* ^ 9 J S. 

Id Genus. SUicias alumimcus with Silkias^ 
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fthicus ahd Stlicids hdlicus (sometimes abo Stli-i 
ekts magnestcus)i Mica fiuiiily. 

1st Species. Window Mica. Analysed by 
TSJiaptoihy Beytr. v. 69^ 

Silica .....4800) ^=2S^ i« 4#'(X) 

Alumina 34*25^ contain j lG*oo \% S0*M> 

Potash 8'74r oxygen ^ 1m8 i 8*S7 

Oxide of Iron... v.. 4'm) ( 1*37 i 4*es 

This mineral is li: S3 -h FS + 12 ^S. 

2d Species. Silver Mica from Zinhwalde*. 
Analysed by Klkproth, ibid. 

Silica 47* 0^ r^22-»6 9 4«*oi 

Alumina.... 20* of contain jf 9*h 4 2I*ti 

I^otasb 14*6^ oxygen J 2-46 i 14*M 



Oxide of Iron -15* & 



4*65 



16*10 



Thi»minerali»ir5a +2F5 + 4j45- 

8d Species. J32ac& Siberian Mica.' Analysed 
by Klaproth, Beytr. v. 7B. 



Silica. 42*00 

Afumlna ......U'ao 

Lime 10*oo 

Oxide of Iron 22 00 

Magnesia • • • • 9*oo 



edntain 
oxygen 



=s20*i« u 41 *» 

5*97 s ll'Ot 

1*70 1 10 18 

6*80 4 2!^M8 

3*49 ft 9*07 



Thismineralisliri* +Si MS + SAS + ^FS. 
Future experiments must determine how fiur^ 
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from* the magnesia which it contaixM^ it may 
coastUate a peculiar genus ornot. ^ 

It is not my intention to affirm that these 
axialyses q£ tr^le and complex silidates^ vilh flie 
fimnuke derived fixNen tbem, may in all respects 
be dqieaded on; but I ^ye them merely as 
an ezampleof the manner in which the minerala 
may probably be ooaapoised. The mineralogical 
analysis is evidently not yet suf&cent for the p]»- 
cise determination of these complex faodiesy 
when the proportions in whidi they may be coaa« 
hined are so numerous, and when we are unac^ 
quainted with the proportions in which they 
principally endeavour to combine themselves. 
We see, for example,, that alumina combines 
with potash for the most part in such a propor- 
tion, that one part of the latter takes three of 
the former, and that the potash occasionally 
takes six and sometimes nine particles of alu- 
mina; and when we investigate these examples 
we find that the alumina is most firequently an, 
ingredient in the n^erals at the rate of <me» 
three, »x, nine, twelve, and fifteen partides, 
which are multiples of three by two, three, four, 
and five. Hence we have reason to conjecture 
that the alumina does not appear in any num- 
ber> especially above six, which lies between 
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these figures: thk coi^ecttire- h lid diMibt 
merely a probability, but as tlie^MeatiH of sttmu-' 
lating to investigation it is not without its worth. 

I Tenture to induce fhe^ hope tblit 4h«'i[)ClbK«« 
catioii of this Es0ay may posrifcty'te^ to « te^ 
vision of the preTailing system of' mmeralogy^ 
convinced as I am that Ihis will give fresh life 
and new properties to the mineral analysis, and 
be the means of introducing the more general 
adoption of a greater degree of precision than 
has hitherto taken place^ as the scientific adv£m- 
tages resultii^ from the utmost degree of ac* 
curacy have never yet sufficiently counter* 
balanced the difficulties which it occda<Hied to 
the miaeralogical analyst. 
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APPENDIX I. 



GROUNDS OF THE CALCULATIONS, 
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X HB calculations which I have cited in the fore- 
going examples are founded on the determination 
<rf* the capacity of inflammable bodies for oxy- 
gen, which I some time ago published in A 
separate Treatise printed in Dr. Thomson's 
Annals of Philosophy, 12th, 13th, and following 
numbers. 

Thia Treatise cannot yet be in the hands c^ 
any Swedish reader, and I shall therefi»re sum- 
marily extract from it what has any relation to 
the above Mineralogical Essay, and which may 
be nocesaary.to establish or refiite the calcula- 
tions cf mineral analyses. 

The cause of chemical proportions must con- 
sist in some seemingly mechanical circumstance 
ff^iire to t)ie dementary bodies in their solitary 
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stete^ respecting which we must long, in aB 
probability, content ourselves with mere con-^ 
jectures. 

When we represent to ourselves the elements 
in their original isolated state, we may consider 
them either ; 

Ist, As solid lodies composed of infinitely 
small particles in a state of concretion, which lie 
near one anoth^ and ocupy a limited qpace* 

■ 2dly, As gases, consisting of parts which fly 
to the greatest possible distance from each otber^ 
and spread themselves out, as it were, equally at 
their whole distance* 

In the first case we may lay down as incon* 
trovertible, that when several elements are com- 
bined into one cmnpound body, this must hap* 
pen in such a way that a small part or partide 
of the one is combined with one, two, threes or 
more whole particles of the other, whence we 
are thus enabled to see a inechanical cause fi^ 
the multiple proportions* 

In the latter case again, as the bodies are con* 
jidered as ffases, we are t&mrht bv experience^ 



■^ tr- »• .■ 



Ill 

that thei^e are either combined in equal rdhnneti 
or a volume c^ the one gas takes two, three, or 
more volumes of the other. Hence it follows 
that >(vhat in the one of these cases is called a 
particle is called in the other a volume, and that 
both, so far as respects the doctrine of the che- 
mical proportions, are one and the same, so that 
in this point of view it is altogether indifferent 
which of them we follow. 

In the" foregoing instances I have designedly 
adhered to the former assumption, notwithstand- 
ing it gives rise to difficulties which cannot im- 
mediately be solved or removed, because it coin- 
cides best with our ordinary manner of seeing 
and conceiving bodies and their composition. 

The coi-ptiscular theory, the appellation I shall 
give to this mode of representation, admits no 
penetration of bodies in chemical combination, 
and it allows us to conjecture that their property 
of attracting each other, and pf being chemically 
combined under a more or les^ perceptible igni- 
tion, is derived from an electrical polarity in the 
smallest parts, which in different bodies is of dif^ 
ferent strengtli, and by which the electrical 
charge of the one pole has a stronger intensity 
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than that of the other* Hence We perceire (a) 
a probable cause for the excitation of electricity 
throi^ the contact .c^ dissimilar bodies^ (ff) 
which leads us to infer that a body is electro* 
positive, or electro-negative according as the cme 
or the other pole preyails, and that in like man* 
ner it follows (7) that in case this iq)ecuIation is 
weU founded^ chemical affinity and polarity of 
particles are altogether one and the same. I 
have endeavoured to give a greater extension U> 
these ideas in Nicholson's Journal of Philosophy^ 
Chemistry, &c* vol» xxxiv. page 15S. 

The difficulties to which the corpuscular theory 
IS subject arise principally from the circum^ 
stance, that there are bodies in which all the 
circumstances at present seem to demonstrate 
the existence of a half particle of which however 
we cannot admit the supposition* The same 
difficulty applies to the construction in particle^ 
of composite bodies,' eq)ecially where the num- 
ber of elementary particles is great. This diffi« 
culty is less perceptiUe in unorgamc nature, be* 
cause every composite body is there ccmstituted 
in such a manner, that one of its ingredients 
enters only as an ingredient in one particle, and 
forms the unity or fundamental particle which ia 
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the case of great parts is effected by the most 
electro-positive ingredients, round which we can 
represent the others analysed iti an order that 
altogether depends on the electrical poles of the 
fundamental particles. But in organic nature the 
proportion is altogether different; particles of 
three, four, and more elements, of which fre- 
quently none is unity, or the fundamental parti- 
cle, are there joined in a compound particle, of 
which the structure is not so easily conceived in a 
probable and satisfactory way. Thus, for example, 
tartaric acid consists of four particles carbon, 
five particles hydrogen, and five particles oxygen; 
mucous acid, of six particles carbon, ten par- 
ticles hydrogen, and eight pai^cles oxygen, &c* 
However I must observe that difficulties are not 
refutations, and what cannot be perceived by 
one person, or at one period, may easily in 
future investigation be discovered by another 
person in an after period. 

I call the representation of bodies in a gaseous 
form the theory of volumes. It does not admit 
of all these speculations, and, if I may be allow- 
ed to say so, cuts off all farther investigation of 
that nature, and confines itself within the pheno- 
mena which maybe proved by experience. I 
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ieoOBider it as a leading-atriug to keep us in the 
way of truth while we are endeavouring in our 
^investigations to penetrate deeper into the se- 
crets of the corpuscular theory. 



As it has thus been established that the un- 
•oiganic bodies consist of one particle or volume 
-of an elemental^ body^ combined with one or 
mate partides or volumes of another elemen- 
tary body, it became natural^ of the greatest 
interest tor chemistry to know how many par- 
tides of each element enter into composite 
bodies. The solution of this question is dif- 
ficult, and cannot at present be relied on for all 
.composite bodies.. In combinations formed agree- 
ably to the prindple of the composition of unor- 
ganic nature, we must for this purpose merely in- 
vestigate the numb^ of volumes of the oxygen 
in the oxides, and when this has been found, we 
may easily calculate the number of partides 
from the usual result of the analyses. In bodies 
however which are formed agreeably to the prin- 
dple of die composition of organic nature^ this 
becomes infinitdy more difficult, and requires 
expedients and calculations for which, in a woric 
on the laws for the diemical proportions in or- 
ganic nature^ I have endeavoured to pr^are the 
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way, sdthongh lliatworic does not apply t6 the 
dass of minerals which seem to be the remaifii 
of former organised bodies. 

To determine the weight of eveiy particle of k 
body, or, what is the same, of its proper weight 
in the gaseous form, we compare it with that of 
the oxygen which, accordkig to what I have long 
before said, is the universal measure in the doo 
trine of chemical proportions. In the treatises 
from which this is an extract, I have stated all 
the experiments on which the weights given ar^ 
grounded, and I have also endeavoured to de-^ 
termine the boundaries within which the result 
of the analyses may be probably incorrect, &om^ 
whence the minima and Tnaxima are deduced ill 
the following table. That such are not found 
for the most bodies is not because their weight 
is so absolutely sure, but because I required 
more experiments respecting them, from which 
alone I could give a result* 

I have also stated the grounds on which I 
have ventured to deduce the number of parti- 
cles of the oxygen in most oxidesy^but it would 
lead me too &r to give an extract from it in this 
place« 
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111 the following table, tlie first column exf 
presses the name of the body ; the second the 
chemical sign, the third the weight of every 
particle, or the proper weight of the body 
in the gaseous form compared with that of the 
oxygen as unity. Tlie fourth and fifth show 
the minima and maxima when the experiment 
was performed which gave occasion to them. 
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TABLE I. 



Name. 



OzygeDium 

Salphuricom 

Phosphor! cum 

Mariaticom 

Fluoricum 

Boracicum , 

Carbooicum , 

Nitricum , 

Hydrogenium , 

Arsenicum 

Moljrbdaeoum 

Chromium 

^jFolframium {Tungsten) 

T«Uurijim 

Stinium 

Tantalum 

Titanium 

Silicium 

Zirconium 

Osmium 

Iridium 

Rhodium 

Platinum 

Aurum 

Palladium.. 

Hydrargyrum 

Argentum 

Cuprum 

Niccolum 

Cobaltum 

Bismuthum 

Pliitobum 

Stannum 



Sign. 



Weight. 



O. 

5. 

P. 

M. 

F. 

B, 

C. 

N. 

H, 

As, 

Ms, 

Ch, 

W, 

Te. 

Sb, 

Ta, 

Ti, 

SL 

Zi. 

Os. 

I, 

R, 

Pt, 

jiu, 

P. 

Hd, 

Cu, 
Ni. 
Co, 
Bi. 
Pb. 
Hn, 



100- 
20l' 
167*51« 
139-56 
60* 
73-27 
74-91 
79-54 
6636 
839-9 
601-56 
708-05 
S424 24 
806*48 
1613* 

1801 ? 
304-35 ♦ 



1490-3 
1206 7 
2483-8 
1418* 
2531 -6 
2688-17 
806-45 
733-8 
732-61 
1774* 
2697-4 
1470-50 



Minimum. Maximum 



200- 
167-3 

30* 

73-6 

75-5 



202*9 



210- 
152*7 

75-5 

7-63 
852-2 

819- 



2503-1 
800* 



2500. 
2536*1 



2620*2 



• In the Table formerly published by me, 1 calculated the 
contents of the oxygen of the silica at 48 per cent., agreeably 
to my direct experiment on siliciated iron. I have here cal-^ 
cQlated it according to the data formerly laid down by me, on 
4he supposition that it contains three volumes of oxygen, 
-which seems to follow from the composition of most siliciates. 
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TABLE I. — continued. 



Name. 


Sign. 

Fc. 

Zfi. 

Mn. 

U. 

Ce. 

r. 

Be. 
AL 
Mf. 

Cn. 

Hr. 
Ba. 

Na. 


Weight. 


Mintmnm. 

1 


Maximnm. 


Poti'bui . . • ••••.,•.•.... 


693-64 
806-45 
7U-M 
3141-4* 
1148-8 
881-66 
683*3 + 
343- 
315*46 
516*2 
1418-14 
11091 
579-32 
978*0 


663-3 
30^163 




Zincam « 




Ilfanganium 




UraBium 




Cerium 




Ytuiam 




Berylliam (Glucioum) . . 
Alnminiani 


228* 


MagBeBium 


381 -9J 


Calciain •••.... 




StroDtimii ........t 




BBrvtinoi 




Kn^inm, , , .r . , r .^ 


^^ 


Potasstum , 


- 



• Uraninm, since the fonnatioB of my irst Table, has been 

investigaled by M. Schouberg. (See bis Diss, de Conjaoctione 

Chemica ejiisque Rationibusn yps. Oct. 16, 1813, p. 18 — 24.) 

As I had opportnoities of witnessiiig the accuracy with which 

M. Schoiiberg carried on his experiments, I- consider them at 

entitled to be somewhat depended on.i He foand that 109 

parts muriate of oraninm <;onsist of 

Acid 1^-77 I80r0 

Protoxide. 9a*03 489-3 

Hence it follows that thic protoxide consists of 

Uranism 94 100-000 

Oxygen 6 6*373 

He farther found that 100 parts yellow oxide lost, when 
heated to redness, from 2*7 to 2*9 per cept of weight, and re- 
mained protoxide; whence it foUow^.that the metal taket 
precisely one and a half times the quantity of the oxygen 
which is in the protoxide, and consists of 

Uninittm 91*2 lOaOO 

Oxygen 8*73 9*56 

And mutt contain three volumes of oxygen. 

-¥ The contents of oxygen in glncina are determined jn 
Appendix V. 
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APPENDIX II- 



TABLE XL 

Showing the Number of Particles of the Oxygen in 
the Oxides hitherto known, taking the Badicalt 
as a Particle. 



Acidaoi Sulpbaricmn S 

■ ■ Salphurosum 2 

I Pboflpboriciim....2 

Mpriaticom 2 

Superoxide MariatofQiD....S 
— — Muriaticiim > 

(Davy's Eachlorine) S 
Acidom Ozyinuriaticam .. .8 
>■ Nitricum 6 

— Nitrosum 4 

Ozidmn Nitiicnm 3 

Nkrosom 2 

Subozidas Nitricum. 1 

Acidam FlaoricaBi 2 

■ Boracicam 8 

' ■ CarboDicam 2 

SoboxiAam CorboniciUB ...1 

Aqua* i 

Acidum Arsenicum 6 

■ ■ Anenicosom 4 ^ 

Ozidam ArBenicmn S 

Acidum Molybdicum S 



Acidum Molybdotnm . 1. .. .9 

Oxidum Moiylniicum 1 

Acidum Cbromicnm 6 

Oxidum Cbromicnm 4 

>— Chromosum 3 

Acidum Woiframicnm i. . . .6 

Oxidum Wolframicum 4 

Acidum Stibicnm 6 

— — »— StibioBum 4 

Oxidum Stibicum .3 

■ Telluricum 8 

Sllicia 3 

Oxidum Rbodicum 3 

I Rhodeum 9 

■■ Rliodoattm 1 

■ Platinicwn 2 

— ^^- Platiooium .1 

< Auricum .3 

■ ■ Aureun 9 

Aurosum 1 

Palladicum .2 

Argcnticnm 2 
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TABLE II. — continued. 



Ozidom Hydrargyricnm...^ 
Hydrargyrotom ... 1 

Cnpricufn 8 

— — — Cnprosmn 1 

Sopecoxidum Niccolicum..^ 

.Oxidnm Niccolicom 2 

SnperoxiduBi ColwUiciua. .3 

Oxidum CobaUicam 2 

' Bismntliicum 2 

Superoxidum Plumbicam . .4 

— ^— Plambosuin..3 

Oxidum Plumbicum ,.2 

— — Staniiicum 4 

- Stanneam 3 

— — • Stannosam 2 

Ferricam 3 

— — Ferrosam 2 

— - ZiDcicoin 2 

Superoxidom Manganicum 4 



Oxidain Maoganicum . • • • .3 
-— ^^ Manganosam . . • . !^ 
Saboxidum MangaDicom .. .1 

Oxidam Uraoicum 3 

I Uranosam 8 

Oxidam Cericom 3 

' Cerro&om 2 

yuria, 2 

Ber>lUa(Glacina) 3 

Alumina 3 

Magnesia 2 

Calcaria , .2 

Strontia 2 

Bary ta 2 

Superoxidum Natricum....3 

Natrom 2 

Soperoxidom Kalicum ....6 
Kali 2 



With the assistance of this and the former 
Table, the numerical composition of every one 
of these oxides may be calculated. Suppose we 
want to calculate the composition of oxide of 
gold, (bxldum auricum:) in the first Table we 
find that a particle of gold weighs 2483*8, and a 
particle of oxygen 100 ; and from the second 
Table, that the oxide of gold consists of 2483*8 
gold -h 300 parts oxygen ; consequently a par- 
ticle of the oxide of gold must weigh 2783*8. 
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But as 2783*8 : 300 = 100: 10*78, consequently 
the oxide of gold contains 10*78 per cent, of 
oxygen. Or, if we say 2483*8:300 = 100; 
12-077, we find that 100 parts gold take 12-077 
parts oxygen. 

In this manner the reader will find in these 
Tables data for calciilating all the mineral 
bodies hitherto known, except combinations of 
tantalum, zircon, osmium, iridium, and I may 
add titanium, the volume of which I endear- 
voured to calculate according to an experiment, 
of a very unsatisfactory nature certainly, by 
Richter with muriate of titanium. (See his Neue 
Gegenstande, x. 121, et seq.) 



\ 
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APPENDIX HI. 



OF THE CHEMICAL SIGNS- 

In the faregping Treatise I have used two 
kinds of signa which I called chemical and mi* 
neralogioal: the latter I have already sufficiently 
described. I shall now say a few words respect** 
ing the former. 

In order to express without a multitude of 
words the onnposition of a body with respect to 
the chemical proportions, I avail myself of for- 
mulae in which each body is denoted by the letter 
which is placed opposite it in Table L 

The rule for the formation of this sign is as 
fbUows: select the initial letter of the Latin 
name of the body ; but if the name of more 
than one body should begin Ynth the same letter, 
and one of these bodies should belong to the 
class of metalloids, then the letter is used without 
addition for this. For the metals we add the 
next letter ; or should it be common, then we 
add. in its place the first consonant which is not 
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•omifuH^ to both names. For example, (7 a^ 
C{^*boDicum, Cu = Cuprum, C$ =3 Cobaltum^ 
49 =s Sulphimum, 4$*^ =? Stibium, Sn s; Stanr 
niim, &G. 

A figure to the left of the sign shows: how 
many particles of the body is wished to . be 
expressed; ibr example, <? 4- 3 0, sulphuric 
acid; i% + 4 i9, common iron pyrites. When 
"we wish to express a composite body as a par- 
ticle, we then place the figure which expresses 
the number of particles which it contains of 
either element to the right of this sign, like an 
algebraical exponent ; as, for example, in 4? 0^ + 
CuO =i sulphate of copper. A figure to the 
left of the composite particle multiplies ^ 
whole, and the contents ; that is, multiplies all: 
the bodies within the same plus sign : for ejj» 
ample, 2 S 0^ + Cu 0* = persulphate of cop* 
per; the number 2 deno|;es that the acid in 
the salt contains not only two particles of sul- 
phur but six particles of oxygen, &c. 

In expressing more compound bodies, it 
answers best to exclude the sign of the oxygen, 
and by points above the radical to denote that it 
is an oxide, and how many volumes of oxygen it 
^ntains. But firom this we must except tho 
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oxides wliich may contain two volumes radical 
for one volume oxygen; for example, water, 
where we must add the sign of the oxygen. 
Thus for example, we place for 2S 0^ + Cu 
0\ S^ Cu, by which die formula is shortened, 
a circumstance of great importance in double 
■alts. The composition of alum for example 
may be expressed in the following manner: 
k S« -f- 3 At S^ + 24. H* 0, from which we per- 
ceive that this salt in its crystallized state con- 
tains not less than 68 particles oxygen for one 
particle potash, &C 

I cannot however yet affirm that these for- 
mulae supply the place of the mincralogical, be- 
cause our knowledge of the number of particles 
of oxygen in many oxides cannot be considered 
as certain, and it is therefore a strong advantage 
in fiivour of the mineralogical formulae thajt-they 
may be used without this circumstance. 
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APPENDIX IV. 



OXIDUM FERROSO-FERRICUM. 

In the foregoing Essay I have endeavoured to 
draw the reader's attention to the different states 
of saturation with oxygen observable in the mi- 
neral kingdom in iron, and in mentioning refrac- 
tory iron ore, I have stated that, agreeably to 
my experiment, it consists of oxidum ferroso- 
ferricum. I shall here state this experiment^ 
together with some observations which may be 
of utility in mineral analysis. 

Proust first remarked that iron ores, which are 
usually considered to be protoxide, contain a 
portion«of oxide of iron by no means inconsider- 
able; and he showed that common Prussian-bluci 
contains both protoxide and peroxide in the 
form of two distinct bases. As Proust only ex- 
pressed himself respecting iron ores incidentally^ 
his idea was either not noticed or not received, 
particularly as there was no reason to suppose 
any chemical combination between two different 
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degrees of saturation with oxygen of the sam«^ 
radical. 

From a phenomenon which took place in my 
first experiments respecting the chemical propor- 
tions, particularly my labours with iron, I wai 
led to conclude that such combinations must oc- 
casionally exist, and I expressed a cei:(|ecture 
that, as the white precipitate obtained from the 
salts (£ protoxide of iron with caustic alkali be- 
comes blue in the air, this Uue oxide must c^i-*^ 
tain a combination of peroxide and protoxide 
and that an increasing quaiitity of oxide was 
the cause of the green colour which the precipi- 
tate takes before it becomes completely .yellow 
in the air. 

Sometime afterwards Gay-Lussac (in Annales 
de Chimie, Nov. 1811) published that he had 
discovered a new degree of oxidation in kan» 
which, according to his account, could be ob- 
tained when the steam of water was passed over 
red hot iron, or when iron was heated in an 
open fire. According to Gay-Lussac's analysis 
It ought to contain 27*41 per cent, oxygen, or 
57*8 parts oxygen for 100 parts iron. He adds 
that this oxide possesses the properly of forming 
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peculiar salts, and that it is feund produoed fay 
nature in Swedish iron ore. 

That such a degree of oxidation cannot exist 
we already know from the doctrine of chemical 
:proportions, (which neither M. Gay-Lussac nor 
his proselytes ever dreamed o^ though we have 
to thank him for one of the most important 
discoveries connected with this doctrine.) I 
have already shown in another place, that what 
Gay-Lussac considered as salts of this new oxide 
were nothing but double salts of peroxide and 
protoxide, resembling Prussian-blue, and that 
these oxides can alone be distinguished from all 
other bases which have a stronger affinity to die 
acid than the oxide, but weaker than the pn>- 
toxide. 

That M. Gay Lussac was mistaken in his 
conjecture that the oxide which is formed when 
iron in a heated state is oxydized at the expense 
of steam, without the assistance of atmospheric 
«ur, was a new oxide, we may be convinced from 
the admirable experiment of Biicholz, (Journal 
fur die Physique, Chemie, und Mineralogie, pub- 
lished by Oehlen, S B. 710,) in which 100 parts 
of the oxide produced in this manner, oxydized 
by means of nitric acid^ gave in three different 
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trials 110 parts red oxide; which is a proof thtft 
it must have been absolute protoxide free from 
peroxide. My experiments have coincided in 
every respect with that of Bucholz, and I have 
besides found that if oxide of iron is put into a 
glass tube, and tliis is heated, and afterwards a 
stream of hydrogen gas is conducted into it, the 
oxide of iron is reduced not to the conjectured 
oxide of Gay-Lussac, but first to protoxide, and 
afterwards, if the experiment is longer con- 
tinued, to metal, which in this manner we can 
obtain in an absolutely pure state as well as in 
its finest mechanical division. 

There remained now the important question : 
as our iron ores are magnetic, they evidently 
contain both protoxide and peroxide ; in what 
condition is the latter found in them, and in 
what quantity ? 

1. A pure magnetic iron ore (from Slog- 
bergskolen and Norra drawn in Grangesfailet,) 
was pulverised thoroughly, and the earth sepa- 
rated from it. The heavier powder of iron ore 
was again pounded to an exceeding fine powder 
in a porphyry vessel, afterwards mixed with water 
and the iron powder drawn from the water by 
a magnet, and as it was taken up it was again 
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piit into pure water, and shaken about in it 
to separate every possible particle of adhering 
earth, and this was repeated again in fresh water 
till it ceased to be in any wise troubled by it. The 
iron ore obtained in this manner was dried and 
freed from all moisture. As the iron ores in 
this place frequently contain phosphate of iron^ 
a portion* of the ore was digested with diluted 
nitric acid, which was afterwards evaporated 
till it became dry, and yielded only a little 
oxide of iron without any symptom of phosphate 
of iron. 

Five grammes of this iron ore, dried in a heat 
suf&cent to fuse tin, were dissolved in concen^ 
trated muriatic acid, after which it was mixed 
with nitric acid, and allowed to boil for some 
time : in the beginning it yielded a little nitrous 
gas with ebullition. The solution was strained^ 
and it left on the filter a grayish powder, which^ 
after being heated to redness, weighed 0*121 
grammes. It was a substance quite foreign to 
the constituents of the iron ore. 

The strained solution was precipitated by 
caustic ammonia in sufficient abundance, and 
digested in it ; the oxide was separated by the 
filter, well washed, dried and heated to redness^ 

I 



130 

when it weighed 5*061 grammes. It was in the 
slightest degree attracted by the magnet 

The boiling liquid precipitated by the ammo- 
nia, when saturated with caustic potash, gave no 
precipitate. The oxide of iron, on an accurate 
inspection, was found to be completely free from 
manganese. 

When we deduct from five grammes of iron 
ore employed 0*121 of foreign matter, there re- 
mains 4?'879 of pure iron ore, which afterwards 
takes 0*181 grammes oxygen to form 5*061 
grammes of oxide of iron. These 5*061 gram- 
mes of oxide of iron contain 3*506 grammes of 
metallic iron. By an easy calculation we thus 
find that in the ore examined, there was 

Irop 71 '86 lOO'oo 693*64 

Oxygen 28i4 39*J6 271*63 

Now this number is not in any wise the mul- 
tiple corresponding to the quantity of oxygen 
the iron takes in its remaining degrees of oxida- 
tion ; for if we do not wish to suppose that the 
protoxide of iron contained four particles and 
the oxide six particles of oxygen, so that this 
medium degree would contain five particles of it, 
(which however is a multiple hitherto unknown 
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for aQ bodies,) then the 100 parts iron must have 
been combined with 35*75 parts oxygen, and 
O not with 39.16 parts. Hence this iron ore must 
be a combination of the two oxides. 

The most simple proportion in which these 
two oxides can be supposed combined is that 
where the peroxide contains thrice the oxygen 
and twice the iron of the protoxide. In such a 
combination the composition is 

Iron 71*8 160- 

Ozygeo 28' « 39*29 

which therefore conincides as nearly with the 
proportion found as we can expect in any ex- 
periment. The iron ore itself thus consists of 
almost precisely 69 parts red oxide and 31 parts 
protoxide. 

2. Magnetic iron ore (from MohrgrufVan at 
Riddarhuttan) was examined in like manner and 
with similar precautions, as those mentioned 
above. 

Rve grammes of this ore left 0'119 grammes 
earth, and exceeded 5*069 grammes of oxide, on 
which the magnet had not the smallest efiect, and 
according to the preceding calculation it gate 

i2 
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39*2 parts oxygen for 100 parts of iron; whence 
It follows that this magnet was absolutely the 
6ame combmation of peroxide and protoxic^^ 
with the foregoing ore. 

We must not, however, suppose that these two 
oxides^ always appear in the mineral kingdom 
combined in the sanie proportion, especially as 
diey are to be met with in the form of salts lil^e 
arseniates, phosphates, sUiciates, &c. because we 
possess examples that they can exist in salts in 
various proportions; for example, in Prussias 
ferroso-ferriaiSy (Prussian*blue,) and in SubprtiS" 
sias ferroso-forricusy (subprussiate of iron,) in 
which the proportion of peroxide of irpn to the. 
protoxide is not the same« W,e must therefore 
never assume oxidum ferroso-ferricum as a deter- 
minate basis, but must always endeavour to de- 
termine the quantity of the protoxide, especially 
as it may occasionally happen that the latter 
constitutes the unity or iuudamental particle of 
the mineral, which we in vain seek for among 
the other ingredients. 

Unfortunately however this determinatipn is 
so extremely difficult that at present we are 
compelled to consider it as altogether impose 
sible. It will not perhaps be possible to effect it 
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till the analyses are brought to such a degree of 
perfection, that what cannot be solved by direct 
experiments may sometimes be sufficiently deter- 
mined by calculation. 

In the course of my experiments respecting 
chemical proportions, I imagined I foimd that 
a great number of oxides of, the same radical 
which are to each other in the {Proportion of 
oxygen that they contain =1:1-^ possess the 
property of combining, while I know no exam- 
ples of any combinations between, oxides in 
which the oxygen is =^ 1:2. Thus, for example^ 
* the nitric acid enters into combination with 
nitrous acid, peroxide of cobalt with the oxide., 
of cobalt, (Proust's and Thenard's^een oxide of 
cobalt,) peroxide of uranium with the protoxide 
of uranium, &c« According to all appeiurance^ 
the red oxide of manganese, which gives an 
amethyst colour to many minerals, is a similar 
combination of peroxide and protoxide an 
oocidum manganoso mangankum. 

It is certain that it is of the utmost import- 
ance to mineralogy^ that the few cases of this 
nature should be completely ascertained. 
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ANALYSIS OF GLUCINA. 

PuEE Gluclna was dissolved in sulphuric acid 
in excess. The salt was evaporated till the add 
began to be expelled, after which it was freed 
from the adhering acid by washing it with 
alcohol. The sulphate of glucina ^obtained in 
this manner was dissolved in water, and was 
precipitated first by carbonate of ammonia, 
with which it was digested so long as the am- 
monia continued to fly off. The solution was 
filtered, and the earth well purified and heated 
to redness. It weighed 0*553 gramme. Th& 
liquid from which it had been precipitated was 
treated with muriate of barytes. It gave pre- 
cisely five grammes of sulphate of barytes, cor- 
responding to 1*72 grammes of sulphuric acid. 
This salt consisted therefore of 



Sulphoric ^id 75' 07 100*oo 

Glocina 24.iss S2-i5 



As many circumstances induced me to consi- 
der it as an acidulous salt, I mixed a concen- 
trated solution of it with carbonate of glucina 
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free from ammonia, and digested them together ; 
by this means I obtained at top a gum-like so- 
lution and the carbonate was decomposed, form- 
ing, while the water was boiling hot, an insolu- 
ble mass viscid and soft, but when the tempera- 
ture was lower it became hard, transparent, and 
brittle. In its appearance it resembled gum, 
and when I endeavoured to dissolve it, the whole 
was decomposed into a soluble and an insoluble 
salt. 

The gummy-like liquid was divided into two 
portions ; (a) the one was mixed with pure water 
as long as any precipitate appeared, after which 
the solution was filtered, and what came through 
was first decomposed by carbonate of ammonia, 
and afterwards by muriate of barytes. It gave 
1*001 grammes glucina, and 4*549 grammes sul- 
phate of barytes con'esponding to 1*56 grammes 
of sulphuric acid. Hence this salt consisted of 

Sulphuric add 60*9«6 100* 

Giucioa 39*074 64*i 

or the acid was combined in it with twice as 
much basis as in the preceding. 

(jS) The portion of the salt not mixed with 
water was heated over a spirit lamp till it be- 
came dry, when it resembled exactlj^ alum, or 
sulphate of alumina when deprived of its water 
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o{ crystallization, and it left a spongy V^y* 
and shining mass. Aftei* it gave out no ipore 
water over the flame of a spirit lamp, it wa§ ^- 
posed to a red heat in a wind furnace as Ipng a^ 
it lost any part of its weight, 2*5 grainmesi (^. 
this salt left 1*24< grammes earth: henpe the 
salt consisted of 



Snlphnric acid 50*4 100* 

Gluci^ia 49*0 98'4 
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or the acid in it was combined with three times 
as mucl) basis as in the fir$t analysed salt* 

As no subsulphate can exist in which the acid is 
combined with twice as much basis as in the neutral 
salt with the same basis, it is clear that the first. 
of these salts is an acid salt, the second neutral,, 
and the third a subsalt: but in such a manner 
that the acid in it contains twice the oxygen of 
the base, which is the figrst example that has 
hitherto been found of such a salt, and presup- 
poses either that the sulphuric acid, like nitric 
acid, arsenic acid, and chromic acid must con- 
tain six volumes of oxygen, in place of ^three, 
the number hitherto adopted, or that. the glu- 
cina contains three volumes oxygen, which latter 
is also probable from oilier circumstances* 

The subsidt, which is precipit^^d wh^. th^ . 
Inst named substance is decomposed with.watei^ 
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gives^ wjben Seated to redness, 53*2 per eent. 
eaitb^ and emX^ fii:$t water and afierwards sul* 
phudq acid* Fvam aa accident the heat in my 
analytical experiment in this case came to be 
too high, so that the acid escaped with the 
water. I have not since had an opportunity^ of 
preparing a fresh quantity of this subsalt : but 
the earth which remained coincides in quantity. 
with what it ought to be if fliis salt resembles 
the usual subsulphates, in which th(5 acijdj, the 
base, and the water of crystallization contain 
an equal quantity of oxygen. Such a salt con- 
sists of 

Glucina. 53^4 

Sulphuric Acidf 28*1 1 

Wdihr 18'75 

If therefore 100 p^ts sulphuric acid neu* 
tralise 64;! parts Cluoiqa, this, must contain. 
19*96 parts oxygen, .and the earth would tbus;, 
be composed of. 

Glucina 68'fMi 100' 

Oxygen 31*is« 45*9t 

That I. might not altogether depend on. the 
pnalysis of sulphates, I dissol^ted glucina in 
muriatic acid. It gave a crystajlizable salt with 
excess of acid; but when the. acid was expelledy 
and the subsalt began to be formed, it yielded 
only a gummy like mass. This was dissolved 
in water, filtrated from the subsalt, a|id preci- 
pitated fir^t by carbonate of ammonia, and after- 
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wards by nitrate of silver. I obtained 0*626 
gramme glucina, with 3*S92 grammes of mu- 
riate of silver, corresponding to 0*6^65 gramme 
muriatic acid ; the salt therefore consisted of 



MariatiG Acid bO'Mb 100* 

Giucina 49m35 96*ff 



But if 96*6 glucina contain 29*454 parts oxygen, 
then 100 parts earth contain 30*5 parts oxygen, 
which accordingly approaches very nearly to 
what we have above stated. 

With respect to the number of vcdumes of 
oxygen, it appears that the glucina contains 
three. I ground this conjecture on this, that 
both sulphuric acid and alumina, which seem to 
contain three volumes of oxygen, combine with 
glucina in such proportion, that they hold twice 
the oxygen of the latter, a circumstance that 
would not take place if it held twice or four 
times the oxygen. The volume of glucina weighs 
therefore at the minimum 681*3, (according to 
the experiment on the muriate,) or at the max- 
imum 683*63, (according to the analysis of the 
sulphate.) It is not so easy to determine which 
of these numbers is the most accurate. 

THE END. 
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expense which would have attended the andertakin|. At 
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This collection, it is expected, will be comprised in about 
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ed. Seven numbers are alreiidy published, and the remainder 
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THEORY OF THE EARTH. 

Essay on the Theory of the Earth ; translated from the 
French of M. Cuvier, Perpetual Secretary of the French lo- 
stitnte. Professor and Administrator of the Museum of Na- 
tural History, &c. By Robert Kerr, F, R. S. and F. A. S. 
Edin. With Mineralogical N»te», and an Account of Cuvier*s 
(icological Discoveries. By Professor Jameson, 8vo. 85. 

To the student of geology this work will be extremely 
useful, as containing some very important and original views 
of the subject, and as being more occupied with the detail of 
interesting facts and observations than the establishment of an 
ingenious theory. The Christian may furnish himself, from 
this production of a Parisian philosopher, with armour to 
defend his faith against those writers who have endeavoured 
to overturn it by objections against the Mosaic account of the 
deluge, and the age of the human race. 

THE ATMOSPHERE. 

A Short Account of Experiments and Instruments, depend- 
ing on the Relations of Air to Heat and Moisture. By John 
Lesub, F. R. S. E. Professor of Mathematics in the tlniver* 
sity of Edinburgh. 1 vol. 8vo. with a Plate 7«. 6<2. boards. 

PHILOSOPHICAL INSTRUMENTS. 

A Treatise on New Philosophical Instruments, for vsrious 
Purposes in the Arts and Sciences. With Experiments on 
Light and Colours. Bf D^vid Brewstkr, LL. D. F. R. S. 
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tuid F. A. S. Edin. Handsomely printed in one large Vo- 
lome 8vo. with twelve Plates, 18s. boards. 

This volume contains the description and method of using 
a variety of new instruments for different purposes in the 
arts and sciences. Some of these instruments are particularly 
useful to military and naval officers, travellers, and surveyon, 
who require an easy method of measuring angles and dis- 
tances with accuracy and expedition ; and with the proper- 
ties of a trigonometrical instrument, they combine all the 
properties of a common telescope. The other instruments 
are chiefly astronomical, optical, mineralogical, geological, 
and trigonometrical. 

TABLES OF METEOROLOGY. 

The Meteorologist's Annual Assistant in keeping a Diary 
of the Weather, or Register of the State of the Barometer, 
Thermometer, Wind, &c and Fall of Rain. Published 
Annually, in folio, S«. 

FLOWER PAINTING. 

Practical Directions for learning Flower-Drawing. By 

Patrick Stme, Painter to the Wernerian and Caledonian 

> Horticultural Societies. Illustrated by twelve beautifully 

coloured Drawings, and six Outlines of Flowers, royal 4to. 

II, 5$, boards. 

The Editor flatters himself, that this work will be foand 
one of the most complete Treatises on this Branch of Draw- 
ing ever offered to the Public, x^hether for the beauty of th^ 
drawings, the methodical arrangement of the directions, or the 
clear manner in which they are conveyed. 

COLOURS. 

Werner's Nomenclature of Colours, with Addition^!, ar- 
ranged so as to render it highly useful to the Arts and Scien- 
ces, particularly Zoology, Botany, Chemistry, Mineralogy, 
and Morbid Anatomy. Annexed to which are Examples se- 
lected from well-known Objects in the Animal, Vegetable, 
and Mineral Kingdoms. By the same Author. 

This Work contains 108 colours, painted with the greatest 
care and accuracy, and is intended to supply what has been 
so long wanted, a general standard to refer to in the descrip- 
tion of colours. Besides the sciences above mentioned, it 
will likewise be found extremely u^ful in the warehouses of 
merchants, manufacturers, dyers, &c. Commercial travellen 
will also find this work an excellent pocket companion. 

CLIMATE OF GREAT BRITAIN. 

The Climate of Great Britain; or, Remarks on the Change 
It has undergone, particularly within the Jwt fifty Tean; 
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accounting for the increasine Humidity and consequent 
Cloudiness and Coldness of our Springs and Summers, in- 
cluding various Experiments to ascertain the Causes of such 
Ciiange. Interspersed witfar numerous Physiological Facts 
and Observations, illustrative of the Process in Vegetation, 
and the Connexion subsisting between the Phonomena of the 
Weather and the Prtductions of the Soil. By John Wur- 
UAMS, Esq., 8vo. 9s. 

^ m ^^^^ 

METEOROLOGY. 

Researches about Atmospheric Phaenomena. By Thom4s 
FoRSTEK, F.L.S. The second Edition greatly enlarged in 
8vo. 

This edition will cbiitain a series of plates illustrative of 
Mr. Howard's nomenclature of the cloods and other atmos- 
pheric pbsBUomena, The want of such a nomenclature has 
gendered all descriptions of atmospheric appearances unin- 
telligible or indistinct. It is hoped therefore that this at- 
tempt to lay down some general rules for observers, may be 
found extremely advantageous to the painter and engraver, 

THE BRAIN AND NERVOUS SYSTEM. 

The Physiognomical System of Drs. Gall and Spurzheim ; 
founded on a. New Anatomical and Physiological Examina- 
fiin of the Brain, as indicative of the Faculties of the Mind. 
By I G. Spurzheim, M.D. 

- This work will be printed in one volume royal 8vo. It 
will be illustrated by some finely executed anatomical en- 
gravings of the brain, and by numerous figures of the varied 
structure of the head in men and animals. 

UNIVERSAL GRAMMAR. 

A- Series of Grammatical Charts of the English, Latin, 
Greek, French, Italian, Spanish, and German Languages. In 
which by meansof a Tabular Arrangement, the principles of 
each ef those languages are exhibited on a single sheet, so 
methodised and simplified as to be quickly and easily ac- 
quired. To which is added a comparative Chart exhibiting, - 
at one view, the more remarkable features of all these lan- 
guages. The whole preceded by a new account of the Prin- 
ciples of Language in general, followed by the Enumeration, 
and illustration of an Original Rule of Composition appli- 
cable to all languages. By ALEXANOBit Walker. 
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38t scropulops exactness. We 
'jed npon 0*25 kilo, (about nine 
i the net weight, a quantity 
o give all the indications re- 
i large scale. 

stals, preyiously weighed sepa- 
re placed in the crucible and 
id the melted mass run into a 
ould, which gave a bar of 

(about four inches) long, by 
[^ths of an inch), and a slag 
t. diameter, by about 0.015 met. 
l^thsby Athsin.) 
•bseryations resulting from an 
in of the allojs obtamed, have 
t the same tmie to the nature 
ranee of the bar, as well as 
he slag. These observations 
haracterize the principal pro- 
the compound metals. These 
ed by careful and precise re- 
n the tenacity, malleability, 
cc. &c., the exact appreciation 

can only be established by 
lie fusion of the metals, and 
if mixing them in the crucible, 

at first sight, it may appear, 
)re caro than is usually given. 

of all kinds are very difS.cult 
when the metals, as zinc and 
it and lead, for example, have 
mtipathyfor affinity. In such 
is only after much care and 
at we are enabled to obtain 
. homogeneous character, pre- 

one mould the body and the 
illoys reunited after the first 
^e wiU point out the precau- 
Bsar^ to be taken, to form as 
i mixture as possible, in de- 
xther the principles inherent to 
s^ of combinations ; but, as a 
sition, we at present lay down 
ng'principles :— 
elt the least fusible of the 
which the alloy is to be com- 

heat the metal after its fiision 
[uires such a temperature that 

the introduction of the other 
thout an instantaneous and 
oling. 

troduce, when once the first 
L fusion, the metals which are to 
loy, in the order of their infusi- 
luteyer may be the proportions 
als, it is always indispensable 
t the most refractory metal, and 
^hen it enters into the compo- 
he alloy as the principal base, 
ity of this metal gives, indeed, 
e of the temperature necessary 
> the alloy. In first charging 
e with a fusible metal, it is 



exposed to much oxidation; it volatilizes, 
and the crucible is broken in waiting ' for 
the proper temperature for receiving, with- 
out immediate cooling, the less fi!urible 
metal; the loss is much greater than it 
otherwise would be, and tne proportions 
of the alloy sensibly modified. 

** 3. — ^Heat, in the fiame of the furnace, 
the metals to be afterwards introduced to 
form the alloy, in such a manner as to 
elevate their temperature to a certain 
point, before passing them into the 
crucible, in order that there should not 
be 60 great a difierence between their 
temperature and that of the metal pre- 
viously in the crucible. This is esnecially 
useful when a volatile metal like zinc 
has to be added, which, if melted too 
suddenly, often cracks the crucible. 

" 4. — Stir well, after the introduction 
and fusion of each of the component parts 
of the alloy ; cover the crucible, and give a 
good stroke of the fire, the stronger in 
proportion to the greater difficulty with 
which the metal enters into fusion. 

" 5.— In the case of alloys containing a 
large proportion of zinc, cover the sur- 
face of the metal with a thin layei^ of 
charcoal powder. This precaution is not 
necessary, unless the alloy contains a 
metal requiring a [high temperature for 
its ^sion, as, for instance, cojpper or iron, 
or when the proportion of zinc added to 
the melted mass is such that it is not 
necessary, after its addition, to continue 
the heat, and the running into moulds 
may be immediately proceeded with. 
For allovs containing tin, a layer of 
charcoal is apt to convert a part of the 
metal into d&oss ; it is better, therefore, 
to employ sand. 

*' 6. — Stir the melted mass vigorously at 
the moment it is run into the moulds, 
and stir during the running out, if pos- 
sible ; for this purpose a rod of white 
wood should be employed, taking care to 
avoid the use of iron, which renders the 
alloys dry and strawey, and sometimes 
modifies their nature. 

" 7. — Carefully clean the crucible after 
each operation, as well for the pur^e of 
rigorously preserving the composition of 
the alloy, as also for promoting the fusion 
of the metals. 

** Such [are the general conditions requi- 
site to be attended to in the preparaUon 
of alloys, and which, if followed, will be 
found to be productive both of economy 
and good results." 

'* In practice it is generally found that 
X minute quantity of old alloy introduced 
into the new, imparts to the composition 
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11 the eharaeter of homogeneity exhibited 
J a re ceet. 

" la the temarj or quaternary alloys 
>raied of copper, sine, tin, and lead, it is 
> and better, nrst, to mix together the most 
isible metiUs, such as sine, tin, and lead, 
ad then to combine the siloy thus 
lade with the copper, in the proportions 
onsidered as the most favourable, and to 
mploy these first alloys to form the lust 
ombination, which will thus be possessed 
f superior quAlitics over an alloy com- 
loeed by the mixture of all the metals 
ogether. 

" Nerertheless, the alloys of all kinds, 
Ithough much more simple and econo- 
nical, are not sufficient in every case for 
he requirements of industry, and are not 
10 good as the alloys which have been 
'e-cast. It is thus that castings of bronze 
md of brass of the first fusion, give at the 
leoond casting, when the proportions had 
seen good in the first place, a much 
ipreater resistance, a better grain, a metal 
more sound and at the same time more 
easy to work than that obtained by the 
drst fusion. 

" When we run the metal into moulds, 
the alloys of all kinds (we are still 
speaking of those of which copper forms 
a component part) produce a metal, it 
may be less subject to fractures and 
shrmkages than old alloys, but giving 
a surface less clean, and a grain less com- 
pact, and less easy to work. These alloys 
besides flow less freely, and do not afford 
castings with so good a surface, — inconve- 
niences which are of consideration with 
regard to bronzes and ornaments, but 
which are not of importance for parts of 
machinery in general industrial purposes. 
"Iq general, the oftener a metal is 
melted, the more it loses of its primitive 
qualities. Iron which has undergone 
several fusions loses some of its softeness 
and firmness and becomes harder and 
more brittle. Copper several times 
melted takes a finer grain and becomes 
more tenacious ; it is the same also with 
zinc, tin, and lead. These two last are puri- 
fied and improved in quality by a second 
fusion, but this advantage is lost if the 
re-melting be carried farther. 

*< This depreciation is due to new com- 
binations which are formed during the re- 
casting, — combinations entirely depend- 
ent on the manner in which the operation 
is conducted. Oxidation by the fire and 
by the air, and thepr sence of iron which 
it is almost impossible to remove during 
fusion, are the principal causes which 
produce the depreciation above indicated. 
These causes act with still greater energy 



when applied to alloys re*melted, 

lose inea primitiye proportioiia 

the differential influence of waste, 

is almost impossible to re-estaUi 

primitiye value whatever esre n 

taken. The first series of ezperim 

which we have to render an m 

comprehends the alloys of coppei 

tin, and lead. 

**It is the most important seri 

practical point of view and is sub* 

as follows : — 

1st Alloy Tin. Zinc 

2nd " Tin. iMd. 

3rd *' Tin. Zine. Lead. 

4th ** Zine. Lead. 

5th " Copper. Tin. 

6th *' Copper. Zinc. 

7th *• Copper. Lead. 

8th •• ..... Copper. Tin. Zin 

9th *' Copper. Tin. Zint 

« We shall no w proceed to point 
most striking charaoteristies of fhn 
subdivisions, and to follow the ei 
tion of each of them by general e 
tions on the whole of the ezpsi 
giving a r^tumd of all the prineipe] 
arising from the various oomU 
between these four metals. 

** The metals employed in the ; 

tion of the alloys which will no' 

imder review, were all selected 

purest and best quality found in tl 

ket, and had aUundemnethefiitl 

Their density after fosioB was 

lows : — 

Copper 8.675 

Zinc 7.080 

Tin 7.850 

Lead 11.300 

" These densities will serve as 
tions in making comparisons v 
densities of the alloys to be h 

spoken of." 

{To be contintied,) 

BERZELIUS. 

We last week recorded the deat 
celebrated Swedidi chemist, Berz 
the 69 th year of his age. He h 
for a long time in declining healtl 
although his death will not hav 
Europe by surprise, there will be 
feeling of grief for so great a los 
century which has produced a 
number of distinguisned chemis 
perhaps of any other class of 
science, Berzelius stood out as i 
the first magnitude. If, perht 
younger students of chemistry 
some measure lost sight of him, 
the brilliant researches of modern 
chemists, it must not be forgot 
the patient labours a id sagacious 
gations of Berzelius have done 
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I foundations of organic chemistry 
lote of any other cheiniBt. To him 
ban to any other man belongs the 
r of applying the great principles 

had been established by Dalton, 
Wollaston, Gay-Lnssac, and him- 

inorganie chemistry, to unfolding 
m which regulate the combinations 
g the structures of the animal and 
Sle kingdoms. 

I to tne honour of Sweden that 
ins is only one of a number of her 
rhom the cultivation of natural 
I has led from poverty and obscurity 
tus^iest dignities and emoluments 
MDy the State. Of humble parent- 
ad beginning life with limited 
tea, the successful cultivation of 
try procured for him, not only the 
i and admiration of the world, but 
MitUHi and consideration in his own 
f which the man of science has a 

olaim, and which it is the privl- 
■orereigns and states to bestow. 

elins was bom in the village of 
nmda,in the canonry of Linkogring, 
(otUand, on the 29th August, 1779, 
It linkagring on the 20th of August 
ten erroneously stated in the many 
of him. His father kept the 
sdiool in the village where young 
ju was bom, and there he appears 

1 received his early education. At 
9 of eeventeen he commenced his 
at the University of Upsala, hoping 
Qaif MwM^lf fur the medical pro- 
;'' At this time, although Sweden 
botmt of having produced a Berg- 
•ad a Scheele, the more brilliant 

of LimuBUs had given to natural 
eoflh an impetus that che- 

was scarcel)r regarded by the 
1 student. It is true that Auelius 
18 a nephew of Bergmann, and then 
he Chemical Chair at Upsala, had 
led some very creditable chemical 
s ; but his health was bad and he 
listed by Ekeberg, who, though a 
analyst, yet wanted the energy and 

qualifications for a successful 
'. The lectures on chemistry were 
id no experiments were performed, 
impromising circumstances were 
f likely to produce a great chemist, 
sy seem to have developed the 
of Berzelius. Prof. Johnston gives 
us' own account of the influences 
situation. The students were al- 
to work in the laboratory once a 

" Berselius, like the rest, went to 
oratory soon after he had com- 
. his chemical course, and asked 
operation. The fii-st that was giveu 



him was to form colcothen of vitriol 
(crocoe mentis) by heating sulphate of 
iron in a crucible, * Well,' says he, 'every 
servant can do this. If this l>e all I am to 
learn I may as weU stay away.' — 'Oh, but,' 
replied Anelius, 'your next operations 
wul be more difficult.' Accordin^y, when 
he asked for a second operation, he was in- 
structed to prepare caustic potash by 
burning cream of tartar in a crucible. 
*This so disgusted me,' says Berselius, 
' that I vowed I would never ask for ano- 
ther operation. Still I frequented the 
laboratory ; and at the end of three weeks 
found myself attending regularly every 
day, though I had no right to do so, ana 
Afzelius could have turned me out, yet I 
was allowed to return and operate and 
. break much glass, — while Ekeberg espe- 
cially was much annoyed that I never asked 
a single question. — For,' he adds, ' I liked 
better to seek for information fh>m read- 
ing and thinking and experimenting thui 
from men who, having little experience 
themselves, gave me, u not evasive, at 
least unsatisfactory answers regarding 
phenomena they had never themselves 
observed.* " 

In the year 1798 Berzelius passed his 
philosophical examination as preparatory 
to the final one for M.D. At this time 
he left the University ; and in 1799 we 
find liim assistant to a Dr. Hedin, a 
superintendent physician of the mineral 
waters of Medevi. The composition of 
these waters attracted the attention of 
Berzelius, and his first published essay 
was a dissertotion in conjunction vnth 
Ekeberg on the mineral waters of Medevi. 
He underwent the examination for a 
licence to practice medicine in 1801, and 
graduated at Upsal on the 24th of May, 
1804. On leaving Upsal, Berzelius re- 
paired to Stockholm; where he became 
assistant to Andrew Spaumau, who sailed 
with Cook in one or his voyages round 
the world, and was then professor there 
of medicine, botany, and chemical phar- 
macy. Spaumau died in 1806, — ana Ber- 
zelius by his inaugural dissertation on 
galvanism and other papers had already 
obtained for himself a sufficient degree of 
confidence to be appointed his successor. 
Although this ch. ir emb aced a very wide 
range of subjects, as was frequently the 
case with Swedish chairs at that time, 
Berzelius more especially devoted him- 
self to chemistry. It does not appear, 
indeed, that he ^ve any lectures on botany 
except at the Military College of Carlberg, 
where he also held an appointment as 
lecturer. At first he was not more suc- 
cessful in teaching chemistry than his 
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>redeceB8orB ; but having receiyed a hint 
¥om Dr. Marcet of London that chemical 
ecturea should be illustrated hj experi- 
nents, he adopted this plan, and likevi'ise 
ibandgned the old practice of reading 
ectures. He used to express himself 
itrongly on the inutility of merely reading 
lectures. Although he first adopted Dr. 
^arcet's experiments in his class-room, 
le soon so for improved upon these that 
tiis own became a model for the chemical 
:lass-rooros of Europe. 

Durine the early period of his resicence 
it Stockh(dm he practised the profession 
)f medicine, and in 1807 was mainly in- 
itrumental in forming the medical Society 
>f that capital. In 1810 he was made 
President of the Royal Academy of 
Sciences at Stockholm ; and in the same 
yeax received the appointment of Assessor 
jf the Medical College, and was made a 
member of the Koyal Sanitary Board. At 
this time, though scarcely more than 
30 years of age, he had obtained great re- 
putation as a chemist. He had published 
91 work on animal chemistry containing 
many original investigations on the 
Auids of the animal body ; and which was 
iubsequently translated — as, indeed, 
have been most of his works — into 
Umost every language of Europe. In 
conjunction with Hisinger, he commenced 
in 1806, the publication of a periodical 
nrork entitled *Afhaudlingar i Fysik, 
Keim, och Mineralogi,' — which contained 
% series of papers by himself, constituting 
lome of the most valuable contributions 
that had yet been made to analytical 
chemistry. His labours were regarded 
IS of so much importance, by the Hoyal 
\.cademy of Stockholm, that that body 
lecreed him, in 1811, 200 dollars yearly 
for his chemical researches. In 1812, 
Berzelius visited England, where he was 
nost cordially received. In that year he 
iommunicated through Dr. Marcet, a 
iraluable p^er to the Medico- Chirurgical 
Society of London, * On the Composition 
>f the Animal .Fluids.' In 1818 he visited 
Prance and Germany — countries in which 
le was better known than in Great Bri- 
:ain, as most of his papers and works 
^ere published in the languages of those 
countries as well as in that of Sweden . In 
,he same year he was appointed Secrc- 
;ary to the Academy of Sciences — a post 
^'hich he held till his death. In 1831 he 
WBB allowed to retire from the active duties 
>f his professorship at the Caroline Insti- 
tute, but he still held the title of honor- 
iry professor. Up to this time he had 
resided in apartments provided for him at 
the building occupied oy the Academy of 



Sciences, — where, on the same floi 
had his studj and laboratory, so tt 
could with htUo difficulty pass fro 
desk to his crucible, and husbai 
time to the greatest possible e: 
He now, however, moved to a hoi 
his own, — and in 1835 married a dai 
of the town-councillor (Staats-raihe] 
pins. In 1837 he received the Grea 
Medal of the Royal Academy of Stod 
—and in 1840 the Diet of Sweden 
him a pension of 2,000 dollars per ai 
The scientific societies of £uto| 
America contended for the hom 
enrolling his name amongst their me 
— and with eighty-eight of these 1 
it was connected. Nor was his soyc 
Charles John, behind-hand in recog 
the most distinguished of his ac 
countrymen. In 1815 Berzelius was 
a Knight, and in 1821 a Knight 
mander, of the Order of Yasa. In 
he received the Grand Cross, and ii 
was made a Baron. The intellige 
this honour was conveyed to Berzeli 
the hand of the King ; who wrote h 
a letter intimating his deep sense i 
merits of the philosopher and expr 
a hope that in this nomination the . 
would recognize a homage paid to th 
who had consecrated his life to thos 
ful researches which had been a] 
recognized by Europe, and which i 
the glory of Sweden to be able to a 
priate as the patrimony of one i 
children. This letter was sent to i 
lius on his wedding-day. How f e^ 
of science have married with a pat< 
nobility on the breakfast table ! By 
had, however, yet one more oyati< 
her beloTed son. In 1843 he had b 
quarter of a century Secretary t 
Academy, and on this occasion a fe 
was given in his honour. The Ci 
Prince was in the chair— and a pc 
of the chemist painted by Lieut 
Lodemark was presented to the Aca( 
Such was the calm, unruffled, succ 
career of the deceased philosopher. "V 
that the career of every disciple of sc 
were as happy ! He who was thus 
cured, merited it — merited it on ao 
of his unwearied industry, his cleai 
manly intellect, his noble and an 
dispositioiK The diligence with whi 
worked both in his study and his Is 
tory may be judged of by his syste 
works and original contributions to sc: 
In addition to the works already 
tioned, he published a *Manui 
Chemistry,* which went through s( 
editions, that of 1841, consisting 
volumes, — and, we believe, another ! 
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has since been pabUshed. In 1822, 
imenced the publication of an 
. B^port on the Progress of the 
il Sciences, which has been ^ub- 
eveiy year to the present time. 
TolvmeB are the most valuable 
of chemical research extant, and 
a fiodl report of the discoveries 
TO made the period to which they 
lo xemarkabte in the history of 
Xf, From 1806 to 1818. he pub- 
with Hisinger the periodical to 
we have before alluded; and in 
slumes we find forty-seven papers 
selitw, all giving an account of 
. retearchea by himself. In addi- 
these he has published works on 
■m, on analytical chemistry, on 
ogy, and a vast number of papers 
fUB Transactions. 

name of Berzelius has been too 
ely connected with the history of 
XT for the last forty years for us 
ibght sketch to pive an adequate 
the influence which his discoveries 
leralUationshave exerted upon the 
To him it is indebted for the 
py of several new elementary bo- 
nore especially selenium, morium, 
iam. lie first demonstrated the 
;ure of silica, and was thus enabled 
NT light on the composition of a 
if interesting mineral compounds 
i with the metallic oxides. This 
lently led to a whole re -arrange- 
'mineral bodies, and contributed 
to the advance of mineralogy. 
!overy of selenium led him to m- 
e its various compounds and com- 
em with the sulphurets. These 
ations a^ain resulted in his genc- 
ms on the nature of the sulphur 
id a new classification of the va- 
Lts. Subsequently, he investigated 
pounds of fluorine, and arrived at 
the most important and valuable 
that have yet been obtained by the 
»1 chemist. 

St Berzelius was writing the first 
of his ** Manual of Chemistry,' 
had promulgated his idea of the 
constitution of matter, and Davy 
de his great discovery of the mc- 
iscs of the alkalies. These directed 
Qtion to the laws of combination, 
led to institute researches with 
t scrupulous care into the com- 
iroportions of the various elements, 
o each its correct number, and was 
to obtain results perfectly harmo- 
ith theoretical calculations made 
ton's laws. He was enabled to 
Diiltou's law that one atom of one 



body unites with one, two, or three, 
&c., atoms of another body, and showed 
that two atoms would unite with Uiree and 
with five. He also pointed out the great 
fact, that two compounds which contain 
the samej^electro -negative body always 
combine in such proportions that the 
electro-negative element of one is a mul- 
tiple by a whole number of the same 
element of the other. He not oiJy gave 
to the elementary bodies their combining 
numbers, but introduced the system of 
symbols, by which chemical labour has 
been so greatly facilitated. Till the tune 
of Berzelius, organic chemistry was a 
waste, with here and there an attempt to 
explain the phenomena of living beings 
upon chemical principles, — and which 
from the entire want of experimental 
foundation was even worse than useless. 
The compounds found in plants and 
animals were not supposed to come within 
the category to which the laws of com* 
bination applied. Berzelius was the first 
to show that these laws could be applied 
to animal and vegetable products ; and in 
so doing, he opcued the way for the dis- 
coveries of Mulder, Liebig, Dumas, Bous- 
singault, and others. 

As a skilful manipulator, Berzelius has 
had few equals in the history of chemist- 
ry. To this we are indebted for the im- 
mense variety, number, and success of his 
analyses. Manv of the analytical pro- 
cesses in use at tno present time have nud 
their origin with him. 

The personal appearjoice of Berzelius 
was that of a strong, healthy man, with 
nothing in his habits or manners to im- 
press a stranger with a sense of his powers. 
A chemist who visited him says, ** He has 
nothing of pretence, reserve, or singularity 
about him; so that his plainness drew 
from a fellow-traveller of mine, whom he 
allowed me to introduce to him, the ob- 
servation *l would never have thought 
him the great man he is said to be.' " 
His attention to strangers was very great, 
— especially to those who took an interest 
in chemistry. With these he would fre- 
quently spend hours in his laboratory, 
explaining his methods of working, — and 
on their departure, he left the impression 
that he was the honoured party. He 
was an early riser, and gave the first 
part of the day to his most important 
work, whatever that might be. He 
seldom either wrote or experimented 
in the evening, leaving that part of the 
day for readii^ and social relaxation. Ho 
had no particular ti--- ^F Y*tin£ or cx.-_ . 
P''riment{'*6 * ^hen ho nad a work to 
^ion he would write sometimes £om' 
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months witliout perfonnixiff an experi- 
ment, — but if anything of importance 
occurred to him durinp^ his writing re- 
quiring] further inyestigation, he would 
at once give up the pen and work perhaps 
for weeks in nis laboratory. Few men 
were more beloved in the city of Stock- 
holm than Berzelius. 

Were the mirits of this great chemist 
less we mifht not be able to afford to hint 
at any de&cts. But regarding him at a 
distance, he appears to us to have carried 
his caution beyond the requirements of 
scientific research. His feelings were 
consenratiye, and though constancy going 
forward to the new, he still clung with 
tenacity to the old. He was almost uie last 
chemist of eminence that admitted Dayy's 



theory of the elementary nature of chl 
Even after cdyj and prejudice had 
up their opposition, tne caution of 1 
lius withheld assent. In the recei 
yances of organic chemistry, also 
more especially in its applications 
physiology of plants and animals, ] 
lius has looked on with the eye of a 
and withheld to the last his adhesi 
some of the advanced positions o 
department of the science. W< 
allude to his criticisms on his hi 
chemists, which were sometimes uiu 
sarily severe, only to add that i 
latter years of his life he has been 
to say that he regretted havine expo 
himself in a way that could have 
unnecessary pain to otiiers. — AtKenti 
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English patents for the week ending 
Septembek 9th. 

Peter Wright, of Dudley, in the county of Wor- 
cester, vice and anvil manufacturer, for certain 
improvements in the manufacture of vice-boxes, 
and in the macliinery for effecting the same. 
Patent dated August 31 st, 1848 ; eix months. 

Geonre Nasmyth, of Ebury-street, Pimlico, in 
the coiinty of Middlesex, civil engineer, for certain 
improvements in the construction of fire-proof 
floorinr and roofing, which improvements are also 
applicM>Ie to the construction of viaducts, aque- 
ducts, and culverts. Patent dated September 4th, 
IMS ; six months. 

WilHam Wheldon, engineer to Messrs. John 
Warner and Sons, of Je win-crescent, in the city 
of London, brass founders and engineers, for im- 
pirovements. in pumps or machinery for raising or 



forcing fluids. Paten t dated September 4t] 
six months. 

John Lewis Ricardo, of Lowndes-MOtre 
county of Midilesex, E»q., M.P., for in 
ments in electric telegraphs, and in apparat 
nected therewith. Patent dated Septemta 
18<8; six months. 

William Edward Hollands, of 73, Regeni 
rant, in the county of Middlesex, denti 
Nicholas Whitaker Green, of No. 15, \ 
place, Chelsea, gentleman, for a new manii 
of artificial fuel in blocks or lumps. Pateo 
September 4th, 1848 ; four months. 

William Losh, of Newcastle-upon-Ty 
improvements in steam-engines. Patent 
September 4th, 1848 ; six months. 

Hennr Smith, of Vulcan Works, West 
wich, for improvements in the manuAu 
railway wheels. Patent dated Septemb< 
1818; six months. 
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John Joseph Charles Sheridan, of Walworth, 
ehemiat, for certain improvements in the several 
processes of saccharine, vinous, and acetous fer- 
mentatfon. Patent dated September 6th, 1834; 
ezrired September 6th, 1S48. 
^William Longfleld, of Otley, whitesmith, for an 
improved lock or fastening for doors and other 
situations where security is required. Patent 



dated September 6th, 1834 ; expired Septemt 
1848. 

Henry Shrapnell, of Salisbury, Mi^r-Q 
Boyal Artillery, for improvements in fire^ 
various descriptions, and in ammunition I 
purpose of fire-arms. Patent dated SepiemI 
1834 ; expired September 6th, 1848. 
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